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ABSTRACT

Cyclophosphamide (CPA) is a widely used chemotherapeutic and immunosuppressive agent that often delays
wound healing by inducing oxidative stress, inflammation, immunosuppression, impaired angiogenesis, and
reduced collagen synthesis. These effects prolong tissue repair and increase the risk of wound complications.
Ocimum basilicum (sweet basil) is a medicinal herb rich in bioactive compounds such as rosmarinic acid, eugenol,
linalool, flavonoids, and phenolic acids, which possess antioxidant, anti-inflammatory, antimicrobial, angiogenic,
and collagen-promoting properties. Recent advances in nanotechnology, including nanoemulsions, liposomes,
phytosomes, hydrogels, and polymeric nanoparticles, have improved the stability, bioavailability, and therapeutic
efficacy of basil phytochemicals. This review highlights the current advances in the use of Ocimum basilicum for
cyclophosphamide-induced delayed wound healing, emphasizing its pharmacological mechanisms, molecular
targets, and novel drug delivery systems. Overall, O. basilicum shows considerable promise as a natural therapeutic
agent; however, further preclinical and clinical studies are needed to confirm its safety and efficacy.

KEYWORDS: Ocimum basilicum, Cyclophosphamide, Delayed wound healing, Antioxidant, Inflammation,
Nanotechnology.

1. INTRODUCTION Wound healing is a natural physiological reaction to

Globally, it is estimated that approximately six million
individuals are affected by chronic wounds. A wound is
defined as a physical disruption of tissue integrity due to
mechanical, chemical, or thermal insults. Effective
wound management is essential to re-establish the
anatomical and functional integrity of the skin. The acute
wound healing process is a complex cascade of tightly
regulated cellular and biochemical events, modulated by
endocrine and paracrine factors. This process can be
divided into three or four temporally overlapping but
distinct stages: the hemostasis phase, the inflammatory
phase, the proliferative phase (characterized by
granulation tissue formation and collagen synthesis), and
the remodeling phase, which determines the mechanical
strength and appearance of the healed tissue (Yang et al.,
2021).

tissue injury. However, wound healing is not a simple
phenomenon but involves a complex interplay between
numerous cell types, cytokines, mediators, and the
vascular system. The cascade of initial vasoconstriction
of blood vessels and platelet aggregation is designed to
stop bleeding. This is followed by an influx of a variety
of inflammatory cells, starting with the neutrophil. These
inflammatory cells, in turn, release a variety of mediators
and cytokines to promote angiogenesis, thrombosis, and
reepithelialization. The fibroblasts, in turn, lay down
extracellular components which will serve as scaffolding
(Sharma et al., 2021).

The inflammatory phase is characterized by hemostasis,
chemotaxis, and increased vascular permeability,
limiting further damage, closing the wound, removing
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cellular debris and bacteria, and fostering cellular
migration. The duration of the inflammatory stage
usually lasts several days (Coger et al., 2019).

1.1 Physiology of Wound Healing

Wound healing is a dynamic and highly orchestrated
biological process aimed at restoring the structural and
functional integrity of damaged skin. This process
involves the interaction of various cellular populations
and molecular mediators across four overlapping phases:
hemostasis, inflammation, proliferation, and remodeling.

(1) Hemostasis (2) Inflammation
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The correct initiation, sequence, timing, and duration of
each phase are essential for successful healing.
Disruption in any phase may lead to impaired healing or
chronic  wound formation. These phases are
interdependent and continuous, with each stage
influencing the progression and efficacy of the next. In
acute wounds, this process typically proceeds without
complications;  however, chronic wounds often
experience a prolonged inflammatory phase, delaying
progression to later stages (Tottoli et al., 2020).
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Figure 1: lllustration of four phases in the wound healing process.

1.1.1 Hemostasis Phase

Wound healing first begins with hemostasis. The
lymphatic vessels are injured in this phase, and blood
flows out to remove microorganisms and antigens. The
body will activate different clotting cascades and
thrombocytes to agglomerate by exposed collagen. At
the same time, platelets activate vasoconstriction to
reduce blood loss and fill tissue gaps in injured vessels
with blood clots containing cytokines and growth factors.
The clot contains the molecules fibrin, fibronectin,
vitronectin, and thrombospondin, which form a
temporary matrix as a scaffolding structure for the
migration of leukocytes, keratinocytes, fibroblasts, and
endothelial cells, and it is a reservoir of growth factors
that stabilize blood clots and avoid bleeding (Trinh et
al., 2022).

1.1.2 Inflammation Phase

The second phase of wound healing is inflammation
which focuses on cleaning the wound and preparing for
new tissue formation in the wound. This stage has the
appearance of neutrophils and lasts about 2-5 days from
when the wound becomes infected. Neutrophils can
phagocytize and secrete proteases (elastase, cathepsin G,
proteinase 3) that help destroy bacteria in the wound and
deco remove debris. Neutrophils also release mediators
(TNF-a, IL-1 and IL-6) to amplify the inflammatory
response, stimulating VEGF and IL-8 to respond to
repair during wound healing (Landén and Stahle,

2016). The macrophage process then supports the
ongoing process by phagocytosis of the debris and
secretion of growth factors, chemokines, and cytokines.
Macrophages promote and address inflammation,
eliminate apoptotic, and support cell proliferation and
tissue recovery after injury. In the inflammatory phase,
there are often symptoms of edema, erythema and pain
(Oishi and Manabe, 2018).

1.1.3 Proliferation Phase

The proliferation phase is the most important phase of
the wound healing process and lasts from 6 to 21 days.
During the proliferation phase of wound healing, the
wound is healed with fresh collagen and extracellular
matrix tissue. After that, the wound shrinks as new
tissues develop. A new network of blood vessels must be
created for granulation tissues to remain healthy and
receive an adequate supply of nutrients and oxygen. The
modulation of fibroblasts toward myofibroblasts
promotes the formation of granulation tissue. The
myofibroblasts are characterized by the capacity to
produce force and synthesize extracellular matrix
components that allow the contraction of granulation
tissue (Krzyszczyk et al., 2018). By gripping the wound
boundaries and pulling them together, myofibroblasts use
a technique akin to that of smooth muscle cells to close
the wound. In the initial stages of wound healing,
granulation tissue appears pink or red and has an uneven
texture. Furthermore, healthy granulation tissue is clot-
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resistant. Dark granulation tissue may be brought on by
an infection, ischemia, or insufficient perfusion. Near the
conclusion of the proliferation phase, epithelial cells
resurface the wound. Keeping wounds moist accelerates
epithelialization. Epithelialization occurs when occlusive
or semi-occlusive dressings are applied within 48 h after
the injury. This is because adequate tissue humidity is
maintained. One accomplishment of the proliferation
phase is replacing the temporary fibrin matrix with a new
matrix made of collagen fibers, proteoglycans, and
fibronectin to restore the structure and function of
tissues. Another crucial stage of healing is angiogenesis,
or the ingrowth of new capillaries to replace previously
damaged vessels and restore circulation. The creation of
granulation tissue and epithelialization are other
important phenomena in this healing period. In the
proliferation phase of healing, fibroblasts are the most
important cells (Miricescu et al., 2021). For fibroblasts
to migrate in the extracellular matrix, they must first
recognize and interact with particular  matrix
components. Fibroblasts in the normal dermis are usually
dormant and sparsely scattered, but they are active and
plentiful in the provisional matrix wound site and
granulation tissue. Their migration and aggregation in
the wound site necessitate morphological changes and
the production and secretion of proteases to clear a
passage from the ECM into the wound site. The
chemotactic growth factors, cytokines, and chemokines
concentration gradient, as well as the alignment of the
fibrils in the ECM and provisional matrix, control the
direction of fibroblast migration. Rather than crossing
these fibrils, fibroblasts prefer to move along them
(Chen et al., 2021). To help them move through the
matrix, fibroblasts produce proteolytic enzymes on a
local level. Collagenase (MMP-1), gelatinases (MMP-2
and MMP-9) that destroy gelatin substrates, and
stromelysin  (MMP-3), which has various protein
substrates in the ECM, are three kinds of MMPs released
by fibroblasts. After migrating into the matrix,
fibroblasts change shape, settle down, and begin to
proliferate and generate granulation tissue components
such as collagen, elastin, and proteoglycans. Fibroblasts
connect to the provisional fibrin matrix cables and begin
producing collagen. Type 1l collagen, like other
extracellular matrix proteins and proteoglycans, is
generated in high amounts at first. Collagen mRNA is
connected to polyribosomes on the endoplasmic
reticulum, where new collagen chains are formed after
transcription and processing. A crucial stage in this
process involves proline and lysine residue
hydroxylation (Wang et al., 2020).

1.1.4 Remodeling Phase

Closure of acute and chronic wounds is regarded as the
wound healing endpoint in most clinical settings, yet
wounds can continue to undergo remodeling or tissue
maturation for months or even years. This final stage of
wound healing decides whether scarring will occur and
whether the wound will reoccur. Regression of the neo

subsequent reconstruction of granulation tissue to scar
tissue are all part of the remodeling phase (Xue et al.,
2015). Collagen 111 makes up the majority of granulation
tissue, which is gradually replaced by the stronger
collagen | as the wound heals. This occurs due to
simultaneous collagen | production and collagen I11 lysis,
followed by ECM remodeling. In the remodeling phase,
scar tissues are created, and it might take several months
or years to complete, depending on the severity and
location of the wound, and used therapeutic procedures.
During this time, the new tissue gradually gets stronger
and more flexible. Elasticity and tensile strength of the
skin are both getting stronger because of collagen
synthesis. After re-epithelialization, macrophages regain
their phagocytic phenotype. Excessed cells and matrix no
longer required for wound healing are phagocytosed by
Mreg or M2c-like macrophages (Rodrigues et al., 2018).

1.2 Factors Contributing to Delayed Wound Healing
Wound healing may be impeded by a range of local and
systemic factors.

Local Factors

* Oxygenation: Adequate oxygen supply is essential
for angiogenesis, collagen synthesis,
epithelialization, and overall wound contraction.
Hypoxia, commonly associated with ischemic
conditions, disrupts these processes and contributes
to the development of chronic or ulcerated wounds.

« Infection: Infection prolongs the inflammatory
phase and increases the production of pro-
inflammatory cytokines such as interleukin-1 (I1L-1)
and tumor necrosis factor-alpha (TNF-o). Elevated
levels of matrix metalloproteinases (MMPs) degrade
ECM components, while their natural inhibitors are
reduced, further impairing tissue repair (Slaats et
al., 2016).

Systemic Factors

+ Age: Aging leads to epidermal thinning and
systemic metabolic changes. The inflammatory
response in elderly individuals is compromised, with
reduced leukocyte chemotaxis, impaired
macrophage  phagocytosis, and  diminished
cytokine/growth factor secretion. Consequently,
fibroblast activity, angiogenesis, re-epithelialization,
and collagen remodeling are significantly delayed.
(Beyene et al., 2020).

« Sex Hormones: Estrogens exhibit anti-
inflammatory properties by reducing leukocyte
infiltration and cytokine production. They also
promote endothelial and keratinocyte proliferation,
thus enhancing re-epithelialization and angiogenesis.
Conversely, androgens such as testosterone and
5adihydrotestosterone  exert  pro-inflammatory
effects, prolonging inflammation and impairing
healing. (Horng et al., 2017).

+ Diabetes Mellitus:  Hyperglycemia  impairs
neutrophil function, cytokine signaling, collagen
synthesis, and angiogenesis. Maintaining blood

vasculature, a periodic deposition to the ECM, and glucose levels close to normal significantly
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improves healing outcomes. Patients with HbAlc
levels below 7.1% exhibit faster wound closure rates
(Lee etal., 2024).

« Venous Insufficiency: Chronic edema due to
venous hypertension results in capillary leakage of
fibrinogen into the dermis, forming fibrin cuffs that
impede oxygen and nutrient diffusion. This induces
tissue hypoxia, suppresses fibroblast and epithelial
cell activity, and promotes anaerobic infections
(Zhou et al., 2022).

* Smoking: Cigarette smoke contains over 4,000
harmful chemicals. Nicotine induces
vasoconstriction and platelet aggregation; carbon
monoxide binds to hemoglobin, reducing oxygen
delivery; and hydrogen cyanide interferes with
oxidative metabolism. These effects collectively
impair oxygenation and delay wound repair
(Bonilla, 2025).

2. Cyclophosphamide

Cyclophosphamide is a medication primarily used in the
management and treatment of neoplasms, including
multiple myeloma, sarcoma, and breast cancer.
Cyclophosphamide is a nitrogen mustard that exerts its
anti-neoplastic effects through alkylation. This activity
reviews the indications, contraindications, mechanism of
action, and other key factors of cyclophosphamide as a
valuable agent in the treatment and management of
neoplastic diseases by an interprofessional team. There is
also a discussion of cyclophosphamide use in the
management of severe multiple sclerosis.

2.1 Mechanism of action

Cyclophosphamide is a type of nitrogen mustard drug
which exerts its effects through the alkylation of DNA.
The drug is not cell-cycle phase-specific and metabolizes
to an active form capable of inhibiting protein synthesis
through DNA and RNA crosslinking. The majority of the
antineoplastic effects of cyclophosphamide are due to the
phosphoramide mustard formed from the metabolism of
the drug by liver enzymes like cytochrome P-450.
Hepatic enzymes first convert cyclophosphamide to
hydroxycyclophosphamide and then  subsequently
metabolized to aldophosphamide. Aldophosphamide is
cleaved to the active alkylating agent phosphoramide
mustard and acrolein. The phosphoramide metabolite
forms cross-linkages within and between adjacent DNA
strands at the guanine N-7 position. These modifications
are permanent and eventually lead to programmed cell
death. Acrolein has no antitumor activity but is the
principal-agent responsible for the manifestation of
hemorrhagic cystitis (Mills et al., 2019).

In addition to antimitotic and antineoplastic effects,
cyclophosphamide has immunosuppressive effects and
selectivity for T cells. High-dose cyclophosphamide is
used in eradication therapy of malignant hematopoietic
cells, while lower dosages have shown merit for use in
selective immunomodulation of regulatory T cells. The
drug decreases the secretion of interferon-gamma and IL-

12 while increasing the secretion of Th2 cytokines like
IL-4 and IL-10 in the CSF and peripheral blood
(Ahlmann et al., 2016). Due to these effects,
cyclophosphamide is considered as a valuable addition to
tumor vaccination protocols, post-transplant
alloreactivity management, and the treatment of immune-
mediated conditions and some forms of vasculitis. While
the precise mechanism with which cyclophosphamide
exerts its immunomodulatory effects are not completely
clear, several studies have suggested a few probable
modes of action. These include the elimination of
regulatory T cells in naive or malignant host cells, the
induction of T cell growth factors like type | interferons,
and preconditioning host cells for donor T cells, thus
reducing alloreactivity (Chatelanat et al., 2018).

3. Ocimum basilicum

Ocimum basilicum is an erect, much-branched,
perennial, aromatic plant growing 20 - 80cm tall. The
plant is often grown as an annual, especially in cooler
climates.

A very commonly used herb with a range of culinary and
medicinal applications. The plant also yields an essential
oil and has insect repellent properties. It is often grown
in gardens and commercially.

3.1 Morphology

Sweet basil is an annual herb with dense foliage and a
variety of aromatic components. This plant thrives in an
agroclimatic environment, with temperatures ranging
from 7 to 27 °C, annual precipitation from 0.6 to 4.3 m,
and soil pH from 4.3 to 8.2. This plant requires low
maintenance, and it is easy to grow in indoor and outdoor
settings. Although it can be damaged by frost and
temperatures below freezing, this species flourishes
under conditions of long daylight with full sun and well-
drained soil (Lal et al., 2018).

The plant can grow up to 0.6 m in height, with lateral
branches creating an angle of more than 30° with the
main branch. The stem is round—quadrangular, glabrous
(smooth, hairless), or puberulent (fine short hairs),
concentrated on the two opposing faces of the stem.
Inflorescence is dense, arranged around a point on an
axis up to 12 mm apart; the axis is pubescent and with a
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total of six flowers surrounding the apex. The leaves are
green, the apex mostly acute or acuminate; the shape is
ovate or elliptic ovate; the size is about 15-50 x 5-25
mm; the leaf margin is entirely or sparsely serrate and
with a glandular—punctate shape. The petiole is about 20
mm long and pubescent (covered with soft short hair).
The corolla with a white or pinkish color tube—about 7—
8 mm long—is funnel-shaped. The calyx pilose (covered
with soft long hair or pubescent) has a dense ring of hairs
at the throat, and a fruiting calyx is about 6 mm long.
The stamen has tufted hairs near the base. The nutlets are
dark brown in color, with an elliptic shape, and they
produce mucilage upon interaction with water (Shasany
and Kole, 2018).

3.2 Basil nutritional composition and chemical
constituents
It has been reported that important essential oil

components are terpnes, phenylpropanoids, alcohols and
aldehydes, and essential oil composition influenced by
location, growing conditions, cultivars, different
agronomic management, seasonal variation, harvesting,
drying and processing methods. Both productivity and
quality of essential oils of basil plants also change on the
basis of field conditions. Phenolic acids and flavonol-
glycosides are the main phenolic components in
basil. The main fatty acid composition of basil species
are Stearic acid, Oleic acid, Palmitic acid, Linoleic acid,
Myristic acid, a-Linolenic acid, Carpic acid, Lauric acid
and Arachidonic acid. Higher light and temperature
conditions have influence on antioxidant capacity. The
most important antioxidant compounds of basil are
caffeic, vanillic, rosmarinic acids, quercetin, rutin,
apigenin, chlorogenic and p-hydroxybenzoic. Essential
oils of basil are a-Pinene, 3-Pinene, Methyl chavicol, 1,8
cineole, Llinalool, Ocimene, Borneol, Geraneol, B-
Caryphyllone, n-Cinnamate and Eugenol (Bozyel et al.,
2024).

3.3 Pharmacological Activities

Medicinal plants contain rich, yet underexploited,
bioactive compounds, with a limited amount of their
potential qualities having been thoroughly examined.
The exploration of a medicinal plant with high chemical
constituents holds promise in the pursuit of developing
therapeutic treatments in the future. Each part of the
plant offers potentially valuable biomedical knowledge,
which remains uncovered. As one of the medicinal
plants, O. basilicum L. possesses  considerable
undiscovered potential in the field of antimicrobial and
biomedical research. The goal of biomedical therapy
through the utilization of medicinal plants requires
continuous exploration and development (Li and Weng,
2017).

3.3.1 Antioxidant Activity

One of the most significant pharmacological properties
of Ocimum basilicum is its potent antioxidant activity,
which plays a crucial role in protecting tissues from

Cyclophosphamide metabolism generates excessive
reactive oxygen species (ROS), including superoxide
radicals, hydroxyl radicals, and hydrogen peroxide,
leading to lipid peroxidation, DNA damage, protein
oxidation, and cellular apoptosis. The leaves and
essential oil of O. basilicum are rich in flavonoids,
phenolic acids, rosmarinic acid, caffeic acid, eugenol,
linalool, and other bioactive compounds that effectively
scavenge free radicals and inhibit oxidative stress
(Shahrajabian et al., 2020). Experimental studies have
demonstrated that basil extract significantly enhances the
activity of endogenous antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx), while simultaneously
increasing intracellular glutathione (GSH) levels and
reducing malondialdehyde (MDA), a major marker of
lipid peroxidation. By restoring the oxidant-antioxidant
balance, Ocimum basilicum protects fibroblasts,
keratinocytes, and endothelial cells from oxidative
injury, thereby facilitating cell survival, proliferation,
and tissue regeneration. These antioxidant properties
make basil particularly beneficial in counteracting
cyclophosphamide-induced  oxidative  stress  and
promoting faster wound healing (Zhakipbekov et al.,
2024).

3.3.2 Anti-inflammatory Activity

Ocimum  basilicum  exhibits  remarkable  anti-
inflammatory  activity by modulating  multiple
inflammatory signaling pathways involved in tissue
injury and repair. During cyclophosphamide-induced
delayed wound healing, prolonged inflammation results
in excessive production of pro-inflammatory cytokines
and inflammatory mediators, which impair fibroblast
function, collagen synthesis, and epithelial regeneration.
Basil extract suppresses these detrimental responses by
inhibiting the activation of nuclear factor-kappa B (NF-
kB), cyclooxygenase-2 (COX-2), and inducible nitric
oxide synthase (iNOS) (Raina et al., 2016). It also
reduces the secretion of inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-o), interleukin-1 beta
(IL-1B), and interleukin-6 (IL-6), thereby limiting
leukocyte infiltration and oxidative tissue damage.
Additionally, basil regulates inflammatory cell activity
and promotes a timely transition from the inflammatory
phase to the proliferative phase of wound healing.
Through these mechanisms, Ocimum basilicum
minimizes chronic inflammation, reduces tissue
destruction, and creates a favorable environment for
wound repair and regeneration (Soliman and Barreda,
2022).

3.3.3 Antimicrobial Activity

The antimicrobial activity of Ocimum basilicum is
another important factor contributing to its wound-
healing potential. Wounds are highly susceptible to
bacterial and fungal infections, particularly in
immunocompromised individuals receiving
cyclophosphamide therapy. The essential oil of basil

oxidative damage during wound healing. contains bioactive constituents such as linalool, eugenol,
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methyl chavicol (estragole), and B-caryophyllene, which
possess strong antimicrobial  properties.  These
compounds disrupt microbial cell membranes, inhibit
enzyme activity, interfere with microbial metabolism,
and suppress biofilm formation (Stanojevic et al., 2017).
Numerous studies have demonstrated that Ocimum
basilicum exhibits broad-spectrum antimicrobial activity
against pathogenic microorganisms including
Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, and Candida albicans, all of which are
commonly associated with wound infections. By
preventing microbial colonization and reducing the risk
of infection, basil helps maintain a sterile wound
environment, decreases inflammatory complications, and
promotes rapid tissue repair, making it particularly
valuable for managing cyclophosphamide-induced
delayed wound healing (Dhama et al., 2023).

3.3.4 Promotion of Collagen Synthesis

Collagen synthesis is a critical event during the
proliferative phase of wound healing, as collagen
provides structural support and mechanical strength to
newly formed tissue. Experimental investigations have
shown that Ocimum basilicum stimulates fibroblast
proliferation and enhances the synthesis and deposition
of collagen within the wound matrix. Treatment with
basil extract significantly increases hydroxyproline
content, a biochemical marker of collagen formation,
indicating enhanced extracellular matrix production.
Basil also promotes fibronectin synthesis, accelerates
extracellular matrix remodeling, and improves the
organization of collagen fibers. Furthermore, enhanced
collagen deposition contributes to increased wound
tensile strength, faster wound contraction, and improved
quality of regenerated tissue. These effects are primarily
attributed to the antioxidant and anti-inflammatory
properties of basil, which preserve fibroblast viability
and support optimal cellular function during tissue
repair. Consequently, Ocimum basilicum plays an
important role in restoring skin integrity and promoting
efficient wound healing in cyclophosphamide-treated
conditions (Zangeneh et al., 2019).

3.3.5 Angiogenic Activity

Angiogenesis, the formation of new blood vessels from
existing vasculature, is essential for successful wound
healing because it ensures adequate oxygen and nutrient
supply to regenerating tissues. Cyclophosphamide
impairs angiogenesis by suppressing endothelial cell
proliferation and reducing the expression of several pro-
angiogenic growth factors, thereby delaying granulation
tissue formation and wound closure (Dudley and
Griffioen, 2023). Studies have demonstrated that
Ocimum  basilicum  enhances angiogenesis by
upregulating the expression of vascular endothelial
growth factor (VEGF), transforming growth factor-beta
(TGF-B), and fibroblast growth factor (FGF), all of
which are key regulators of new blood vessel formation.
Increased angiogenesis improves local blood circulation,

fibroblast migration, and supports collagen synthesis and
extracellular matrix deposition. The improved vascular
network also accelerates granulation tissue development,
epithelialization, and overall wound contraction.
Through its angiogenic properties, Ocimum basilicum
effectively promotes tissue regeneration and helps
overcome the vascular deficiencies associated with
cyclophosphamide-induced delayed wound healing
(Thulasingam et al., 2026).

3.4 Nanoformulations of Ocimum basilicum for
Wound Healing

Nanotechnology has emerged as one of the most
promising strategies for enhancing the therapeutic
performance of medicinal plant extracts. Nano-based
delivery systems increase the solubility, stability, skin
penetration, and sustained release of bioactive
compounds, thereby improving wound healing outcomes.
Various nanoformulations of Ocimum basilicum have
been developed and evaluated for their wound-healing
potential.

3.4.1 Nanoemulsions

Nanoemulsions are thermodynamically stable colloidal
systems with droplet sizes generally ranging between 20
and 200 nm. They are composed of oil, water,
surfactants, and co-surfactants, which encapsulate basil
essential oil or extract within nanosized droplets.
Nanoemulsions enhance the topical delivery of basil
phytochemicals by increasing their solubility and
facilitating deeper penetration into the epidermal and
dermal layers of the skin. The small droplet size provides
a larger surface area, allowing rapid interaction with
damaged tissues and improving drug absorption.
Nanoemulsion-based formulations also protect volatile
compounds such as linalool and eugenol from oxidation
and evaporation, thereby preserving their biological
activity.  Studies have demonstrated that basil
nanoemulsions exhibit superior antioxidant,
antimicrobial, and anti-inflammatory activities compared
to conventional extracts, leading to accelerated wound
contraction, enhanced collagen synthesis, and faster
epithelialization (McClements et al., 2021).

3.4.2 Polymeric Nanoparticles

Polymeric nanoparticles are biodegradable carriers
prepared from natural or synthetic polymers such as
chitosan, poly(lactic-co-glycolic acid) (PLGA), alginate,
and gelatin. These nanoparticles encapsulate basil
phytochemicals and provide sustained and controlled
drug release. The encapsulation of Ocimum basilicum
extract within polymeric nanoparticles protects sensitive
bioactive compounds from enzymatic degradation and
environmental oxidation. Their nanoscale size enhances
cellular uptake by fibroblasts and keratinocytes, resulting
in improved intracellular delivery of antioxidant and
anti-inflammatory molecules. Controlled drug release
maintains therapeutic concentrations at the wound site
for prolonged periods, reducing the frequency of

facilitates oxygen and nutrient delivery, enhances application and improving patient compliance.
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Furthermore, polymeric nanoparticles enhance fibroblast
proliferation, collagen deposition, angiogenesis, and
extracellular matrix remodeling, thereby accelerating
tissue regeneration (Pordevié et al., 2025).

3.4.3 Liposomes

Liposomes are phospholipid-based vesicular systems
consisting of one or more lipid bilayers surrounding an
aqueous core. Due to their structural similarity to
biological membranes, liposomes exhibit excellent
biocompatibility and skin permeability. Liposomal
formulations effectively encapsulate both hydrophilic
and lipophilic phytochemicals present in Ocimum
basilicum. These vesicles improve drug penetration
through the stratum corneum and facilitate targeted
delivery to deeper skin layers. Liposomes also provide
sustained release of basil constituents while minimizing
systemic absorption and reducing the risk of adverse
effects. Enhanced skin hydration produced by
phospholipid  vesicles further supports epithelial
regeneration and wound closure. Liposomal basil
formulations have shown improved antimicrobial
activity, reduced oxidative stress, and enhanced collagen
synthesis compared to conventional topical preparations
(Kyriakoudi et al., 2021).

3.4.4 Phytosomes

Phytosomes are advanced lipid-based delivery systems in
which phytoconstituents form molecular complexes with
phospholipids, resulting in improved membrane
permeability and bioavailability. Many flavonoids and
phenolic compounds present in Ocimum basilicum
exhibit poor oral and topical bioavailability due to
limited lipid  solubility. Phytosome technology
significantly enhances the absorption and stability of
these compounds by improving their compatibility with
biological membranes. Basil phytosomes exhibit
prolonged retention at the wound site and increased
penetration into damaged tissues. Consequently, they
provide sustained antioxidant protection, suppress
inflammatory responses, stimulate fibroblast activity, and
promote collagen maturation. Phytosomal formulations
therefore represent an effective strategy for maximizing
the therapeutic benefits of basil phytochemicals (Barani
etal., 2021).

3.4.5 Hydrogels

Hydrogels are three-dimensional polymeric networks
capable of absorbing large quantities of water while
maintaining structural integrity. Their high moisture-
retention capacity makes them ideal wound dressing
materials. Hydrogels containing Ocimum basilicum
extract provide a moist wound environment that
promotes cell migration, granulation tissue formation,
and epithelialization. They also protect the wound from
external contamination while allowing adequate oxygen
exchange. Controlled release of basil phytochemicals
from hydrogels ensures prolonged antioxidant,
antimicrobial, and anti-inflammatory activity at the

dehydration, and facilitate autolytic debridement, thereby
creating optimal conditions for tissue repair. Several
studies have demonstrated enhanced wound contraction,
increased collagen deposition, and improved tissue
organization following treatment with basil-loaded
hydrogels (Rosca et al., 2025).

3.5 Potential Role of Ocimum basilicum in
Cyclophosphamide-Induced Delayed Wound Healing
Ocimum basilicum contains numerous bioactive
phytochemicals, including rosmarinic acid, eugenol,
linalool, ursolic acid, caffeic acid, flavonoids, and
phenolic compounds, which exhibit potent antioxidant,
anti-inflammatory, antimicrobial, angiogenic,
immunomodulatory, and collagen-promoting activities.
These multitarget therapeutic effects suggest that basil
may serve as an effective natural adjunctive therapy for
accelerating wound healing in patients receiving
cyclophosphamide treatment. The potential mechanisms
through which Ocimum basilicum may improve
cyclophosphamide-induced delayed wound healing are
discussed below.

3.5.1 Reduction of Oxidative Stress

Oxidative stress is considered one of the principal
mechanisms  underlying  cyclophosphamide-induced
tissue injury. During hepatic metabolism,
cyclophosphamide generates toxic metabolites such as
acrolein and phosphoramide mustard, which stimulate
excessive production of reactive oxygen species (ROS).
These free radicals initiate lipid peroxidation, DNA
damage, protein oxidation, mitochondrial dysfunction,
and apoptosis of fibroblasts, keratinocytes, and
endothelial cells, ultimately delaying wound repair
(Srirangan and Sabina, 2025).

3.5.2 Suppression of Chronic Inflammation

Persistent inflammation significantly contributes to
delayed wound healing following cyclophosphamide
administration. Increased production of inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a),
interleukin-1  beta (IL-1B), interleukin-6  (IL-6),
cyclooxygenase-2 (COX-2), and inducible nitric oxide
synthase (iNOS) prolongs the inflammatory phase and
delays progression to tissue regeneration (Kany et al.,
2019).

3.5.3 Prevention of Wound Infection
Cyclophosphamide- induced immunosuppression
increases susceptibility to bacterial and fungal infections,
making wound contamination one of the major causes of
delayed healing. Infection prolongs inflammation,
increases tissue necrosis, and interferes with collagen
synthesis and epithelial regeneration (Aswathanarayan
et al., 2022).

3.5.4 Enhancement of Fibroblast Proliferation
Fibroblasts play a central role in wound healing by
synthesizing collagen, fibronectin, proteoglycans, and

wound site. In addition, hydrogels reduce pain, minimize other extracellular matrix components.
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Cyclophosphamide suppresses fibroblast proliferation by
inhibiting  DNA synthesis and cellular replication,
resulting in delayed granulation tissue formation.

3.5.5 Promotion of Angiogenesis

Adequate angiogenesis is necessary for supplying
oxygen, nutrients, and growth factors to regenerating
tissues. Cyclophosphamide impairs angiogenesis by
reducing endothelial cell proliferation and suppressing
vascular endothelial growth factor (VEGF) expression.
Ocimum basilicum promotes angiogenesis by increasing
the expression of VEGF, fibroblast growth factor (FGF),
and transforming growth factor-beta (TGF-B). Enhanced
blood vessel formation improves tissue oxygenation,
nutrient delivery, and waste removal while supporting
fibroblast migration and collagen synthesis. Increased
angiogenesis also facilitates granulation tissue formation
and accelerates wound healing (Malviya and Malviya,
2023).

4. Future Perspectives

Future research should focus on the standardization of
Ocimum basilicum extracts, identification of key
bioactive compounds, and development of advanced
nanoformulations to improve drug delivery and
therapeutic efficacy. Further mechanistic studies and
well-designed preclinical and clinical trials are required
to establish its safety, optimal dosage, and clinical
effectiveness in cyclophosphamide-induced delayed
wound healing. The integration of basil with
nanotechnology and regenerative medicine may provide
more effective and targeted wound-healing therapies.

5. CONCLUSION

Ocimum basilicum is a promising medicinal plant with
significant potential for managing cyclophosphamide-
induced delayed wound healing due to its antioxidant,
anti-inflammatory, antimicrobial, angiogenic, and
collagen-promoting activities. Advances in
nanotechnology-based delivery systems have further
enhanced its therapeutic potential. Although current
findings are encouraging, additional standardized
experimental studies and clinical trials are necessary to
validate its efficacy and facilitate its translation into
clinical wound care.

REFERENCES
1. Ahlmann M, Hempel G. The effect of
cyclophosphamide on the immune system:

implications for clinical cancer therapy. Cancer
chemotherapy and pharmacology, 2016 Oct; 78(4):
661-71.

2. Aswathanarayan JB, Rao P, Hm S, Gs S, Rai RV.
Biofilm-associated infections in chronic wounds and
their management. InAdvances in Microbiology,
Infectious Diseases and Public Health: Volume 17
2022 Oct 18 (pp. 55-75). Cham: Springer
International Publishing.

3. Barani M, Sangiovanni E, Angarano M, Rajizadeh
MA, Mehrabani M, Piazza S, Gangadharappa HV,

10.

11.

12.

13.

14.

Pardakhty A, Mehrbani M, Dell’Agli M,
Nematollahi MH. Phytosomes as innovative delivery
systems for phytochemicals: A comprehensive
review of literature. International journal of
nanomedicine, 2021 Oct 15: 6983-7022.

Beyene RT, Derryberry SL, Barbul A. The effect of
comorbidities on wound healing. Surgical Clinics,
2020 Aug 1; 100(4): 695-705.

Bonilla JC. The Impact of Nicotine on Wound
Healing: A Comparative Review of Cigarettes,
Vaping, and Nicotine Patches with Insights into
Pathophysiological Mechanisms. Medical Research
Archives,[online] 13 (6) [Internet], 2025 Jun 30
Bozyel ME, Altinoz E, Senturan M, Merdamert-
Bozyel E, Altuner EM. Ocimum Basilicum (Basil):
A Medicinal Plant with Proven Ethnomedicinal
Uses, Chemical Composition, Bioactivities, and
Pharmacological ~ Properties.  InEthnomedicinal
Plants for Drug Discovery: Current Developments
2024 Sep 1 (pp. 217-236). Singapore: Springer
Nature Singapore.

Chatelanat O, Van Delden C, Adler D, Guerne PA,
Nendaz M, Serratrice J. Risk factors and prophylaxis
of Pneumocystis jirovecii pneumonia in HIV-
negative patients. Revue Medicale Suisse, 2018 Oct
1; 14(623): 1829-33.

Chen H, Li G, Liu Y, Ji S, Li Y, Xiang J, Zhou L,
Gao H, Zhang W, Sun X, Fu X. Pleiotropic roles of
CXCR4 in wound repair and regeneration. Frontiers
in immunology, 2021 May 28; 12: 668758.

Coger V, Million N, Rehbock C, Sures B, Nachev
M, Barcikowski S, Wistuba N, StrauB S, Vogt PM.
Tissue concentrations of zinc, iron, copper, and
magnesium during the phases of full thickness
wound healing in a rodent model. Biological trace
element research, 2019 Sep 15; 191(1): 167-76.
Dhama K, Sharun K, Gugjoo MB, Tiwari R,
Alagawany M, Igbal Yatoo M, Thakur P, Igbal HM,
Chaicumpa W, Michalak 1, Elnesr SS. A
comprehensive review on chemical profile and
pharmacological activities of Ocimum basilicum.
Food Reviews International, 2023 Jan 2; 39(1): 119-
47.

Pordevic N, Cvetkovic K, Stanojevic J,
Karabegovi¢ 1, Savi¢ D, Cvetkovi¢ D, Danilovi¢ B.
Nanoencapsulation of Ocimum Basilicum L. and
Satureja Montana L. Essential oil mixtures:
enhanced antimicrobial and antioxidant activity.
Antibiotics, 2025 Feb 11; 14(2): 180.

Dudley AC, Griffioen AW. Pathological
angiogenesis:  mechanisms  and  therapeutic
strategies. Angiogenesis, 2023 Aug; 26(3): 313-47.
Horng HC, Chang WH, Yeh CC, Huang BS, Chang
CP, Chen YJ, Tsui KH, Wang PH. Estrogen effects
on wound healing. International Journal of
Molecular Sciences, 2017 Nov 3; 18(11): 2325.
Kany S, Vollrath JT, Relja B. Cytokines in
inflammatory disease. International journal of
molecular sciences, 2019 Nov 28; 20(23): 6008.

www.wipls.org | Vol 12, Issue 5, 2026. |

ISO 9001:2015 Certified Journal

419




Chaurasiya et al.

World Journal of Pharmaceutical and Life Sciences

15. Krzyszczyk P, Schloss R, Palmer A, Berthiaume F.
The role of macrophages in acute and chronic
wound healing and interventions to promote pro-
wound healing phenotypes. Frontiers in physiology,
2018 May 1; 9: 419

16. Kyriakoudi A, Spanidi E, Mourtzinos I, Gardikis K.
Innovative delivery systems loaded with plant
bioactive ingredients: Formulation approaches and
applications. Plants, 2021 Jun 18; 10(6): 1238.

17. Lal RK, Gupta P, Chanotiya CS, Sarkar S.
Traditional plant breeding in Ocimum. InThe
Ocimum Genome 2018 Oct 5 (pp. 89-98). Cham:
Springer International Publishing.

18. Landén NX, Li D, Stdhle M. Transition from
inflammation to proliferation: a critical step during
wound healing. Cellular and Molecular Life
Sciences, 2016 Oct; 73(20): 3861-85.

19. Lee H, Kim MJ, Lee IK, Hong CW, Jeon JH. Impact
of hyperglycemia on immune cell function: a
comprehensive review. Diabetology international,
2024 Oct; 15(4): 745-60.

20. Li FS, Weng JK. Demystifying traditional herbal
medicine with modern approach. Nature plants,
2017 Jul 31; 3(8): 1-7.

21. Malviya S, Malviya N, editors. Medicinal plants and
cancer chemoprevention. CRC Press; 2023 Oct 3.

22. McClements DJ, Das AK, Dhar P, Nanda PK,
Chatterjee N. Nanoemulsion-based technologies for
delivering natural plant-based antimicrobials in
foods. Frontiers in Sustainable Food Systems, 2021
Feb 18; 5: 643208.

23. Mills KA, Chess-Williams R, McDermott C. Novel
insights into the mechanism of cyclophosphamide-
induced bladder toxicity: chloroacetaldehyde’s
contribution to urothelial dysfunction in vitro.
Archives of Toxicology, 2019 Nov; 93(11): 3291-
303.

24. Miricescu D, Badoiu SC, Stanescu-Spinu II, Totan
AR, Stefani C, Greabu M. Growth factors, reactive
oxygen species, and metformin—promoters of the
wound healing process in burns?. International
Journal of Molecular Sciences, 2021 Sep 1; 22(17):
9512

25. Oishi Y, Manabe I. Macrophages in inflammation,
repair and regeneration. International immunology,
2018 Nov; 30(11): 511-28.

26. Raina P, Deepak M, Chandrasekaran CV, Agarwal
A, Wagh N, Kaul-Ghanekar R. Comparative
analysis of anti-inflammatory activity of aqueous
and methanolic extracts of Ocimum basilicum
(basil) in RAW264. 7, SW1353 and human primary
chondrocytes in respect of the management of
osteoarthritis. Journal of Herbal Medicine, 2016 Mar
1; 6(1): 28-36.

27. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC.
Wound healing: a cellular perspective. Physiological
reviews, 2018 Nov 26.

28. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC.
Wound healing: a cellular perspective. Physiological
reviews, 2018 Nov 26.

29. Rosca OJ, Nistor A, Coneac GH, Olariu IV, Cotan
AM, Racoviceanu R, Heredea ER, Ciudoiu A, Didea
G, Lupou CM, Borcan F. Wound Healing Properties
of Plant-Based Hydrogel and Oleogel Formulations
in a Rat Scald Burn Model. Pharmaceutics, 2025
May 1; 17(5): 597.

30. Shahrajabian MH, Sun W, Cheng Q. Chemical
components and pharmacological benefits of Basil
(Ocimum basilicum): A review. International journal
of food properties, 2020 Jan 1; 23(1): 1961-70.

31. Sharma S, Hashmi MF, Alhajjaj MS. StatPearls
[Internet] StatPearls Publishing. Treasure Island
(FL): Sep, 2021; 18.

32. Shasany AK, Kaole C, editors. The ocimum genome.
Springer; 2018 Oct 4.

33. Slaats J, Ten Oever J, van de Veerdonk FL, Netea
MG. IL-1B/IL-6/CRP and IL-18/ferritin: distinct
inflammatory programs in infections. PL0S
Pathogens, 2016 Dec 15; 12(12): e1005973.

34. Soliman AM, Barreda DR. Acute inflammation in
tissue healing. International journal of molecular
sciences, 2022 Dec 30; 24(1): 641.

35. Srirangan P, Sabina EP. Protective effects of herbal
compounds  against  cyclophosphamide-induced
organ toxicity: a pathway-centered approach. Drug
and Chemical Toxicology, 2025 Sep 3; 48(5): 972-
1014.

36. Stanojevic LP, Marjanovic-Balaban ZR, Kalaba VD,
Stanojevic JS, Cvetkovic DJ, Cakic MD. Chemical
composition, antioxidant and antimicrobial activity
of basil (Ocimum basilicum L.) essential oil. Journal
of Essential Oil Bearing Plants, 2017 Nov 2; 20(6):
1557-69.

37. Thulasingam M, Vellapandian C, Sellamuthu S,
Rajendran MR, Shanmugam PD. Polyphenols and
Flavanoids:  Antioxidants at the Forefront.
Harnessing Phytoconstituents for Wound Healing,
2026: 147-208.

38. Tottoli EM, Dorati R, Genta I, Chiesa E, Pisani S,
Conti B. Skin wound healing process and new
emerging technologies for skin wound care and
regeneration. Pharmaceutics, 2020 Aug 5; 12(8):
735.

39. Trinh XT, Long NV, Van Anh LT, Nga PT, Giang
NN, Chien PN, Nam SY, Heo CY. A comprehensive
review of natural compounds for wound healing:
targeting bioactivity perspective. International
journal of molecular sciences, 2022 Aug 24; 23(17):
9573.

40. Wang C, Brisson BK, Terajima M, Li Q, Hoxha KH,
Han B, Goldberg AM, Liu XS, Marcolongo MS,
Enomoto-lwamoto M, Yamauchi M. Type |llI
collagen is a key regulator of the collagen fibrillar
structure and biomechanics of articular cartilage and
meniscus. Matrix Biology, 2020 Jan 1; 85: 47-67.

41. Xue M, Jackson CJ. Extracellular matrix
reorganization during wound healing and its impact
on abnormal scarring. Advances in wound care,
2015 Mar; 4(3): 119-36.

www.wipls.org | Vol 12, Issue 5, 2026.

ISO 9001:2015 Certified Journal 420




Chaurasiya et al.

World Journal of Pharmaceutical and Life Sciences

42.

43.

44,

45.

Yang F, Bai X, Dai X, Li Y. The biological
processes during wound healing. Regenerative
medicine, 2021 Apr 1; 16(4): 373-90.

Zangeneh MM, Zangeneh A, Seydi N, Moradi R.
Evaluation of cutaneous wound healing activity of
Ocimum basilicum aqueous extract ointment in rats.
Comparative Clinical Pathology, 2019 Oct; 28(5):
1447-54,

Zhakipbekov K, Turgumbayeva A, Akhelova S,
Bekmuratova K, Blinova O, Utegenova G,
Shertaeva K, Sadykov N, Tastambek K,
Saginbazarova A, Urazgaliyev K. Antimicrobial and
other pharmacological properties of Ocimum
basilicum, Lamiaceae. Molecules, 2024 Jan 12;
29(2): 388.

Zhou W, Yu T, Hua Y, Hou Y, Ding Y, Nie H.
Effects of hypoxia on respiratory diseases:
perspective view of epithelial ion transport.
American Journal of Physiology-Lung Cellular and
Molecular Physiology, 2022 Sep 1; 323(3): L240-
50.

www.wipls.org |

Vol 12, Issue 5, 2026.

ISO 9001:2015 Certified Journal 421




