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Abstract: Aloe Vera (Aloe barbadensis Miller), a historically revered medicinal plant, has
garnered great scientific attention due to its polysaccharide-rich bioactive compounds with
significant therapeutic potential. This review examines the role of Aloe Vera polysaccha-
rides as therapeutic agents in biomedical applications, highlighting their benefits as well
as the risks. Traditionally recognized for its anti-inflammatory and antimicrobial effects,
which are very important in wound healing, the Aloe Vera relies on its polysaccharides,
which confer immunomodulatory, antioxidant, and tissue-regenerative properties. These
compounds have shown promise in various applications, including skin repair, tissue
engineering scaffolds, and antiviral therapies, with their delivery being facilitated via gels,
thin films, or oral formulations. This review explores also their mechanisms of action and
applications in modern medicine, including in the development of topical gels, dietary
supplements, and innovative delivery systems such as thin films and scaffolds. Despite the
promising benefits, the review addresses the possible side effects too, including allergic
reactions, gastrointestinal disorders, and drug interactions, emphasizing the importance of
understanding these risks for their safe clinical use. Assessing both the advantages and
challenges of Aloe Vera polysaccharide medical use, this review contributes to the ongoing
dialog regarding the integration of natural products into therapeutic practices, ultimately
supporting informed decisions regarding their clinical application.

Keywords: aloe vera; polysaccharides; natural compounds; biomedical applications; synergic
therapies

1. Introduction
Aloe Vera, scientifically known as “Aloe barbadensis Miller”, has a rich history of

medicinal use that spans thousands of years. This succulent plant is believed to have
originated in the Arabian Peninsula, but it has been cultivated in various regions worldwide
for its therapeutic properties. Historical texts indicate that Aloe Vera was utilized by
ancient civilizations, including the Egyptians, Greeks, and Chinese, for its healing abilities.
The ancient Egyptians referred to Aloe Vera as the “plant of immortality”, using it to
treat wounds, skin ailments, and digestive issues [1]. The Ebers Papyrus, one of the
oldest medical texts from around 1550 BC, documents the use of Aloe Vera in treating
various ailments, including burns and skin diseases, highlighting its significance in early
medicine [1].

In traditional Chinese medicine, Aloe Vera has been employed for its cooling properties
and its ability to promote healing and detoxification [2]. The Greeks, notably Dioscorides,
documented the use of Aloe Vera for treating a wide range of conditions, from insomnia to
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skin irritations, further emphasizing its versatility as a medicinal herb [2]. The plant’s gel
and latex have been used for centuries, with the gel primarily applied topically for wound
healing and the latex used for its laxative effects [3].

In modern times, Aloe Vera has gained popularity in the healthcare and cosmetic in-
dustries due to its bioactive compounds, particularly polysaccharides, which are known for
their anti-inflammatory, antimicrobial, and wound-healing properties [4–6]. The polysac-
charide acemannan, a major component of Aloe Vera, is recognized for its immunomod-
ulatory and wound healing properties, making it a focal point in modern therapeutic
research [7]. Research has increasingly focused on the pharmacological effects of Aloe Vera,
leading to its incorporation into various therapeutic formulations, including topical gels,
creams, and dietary supplements [4,8]. The historical context of Aloe Vera’s medicinal use
underscores its enduring relevance in both traditional and contemporary medicine, paving
the way for ongoing research into its bioactive compounds and their potential applications
in biomedical fields.

The necessity of a comprehensive review of Aloe Vera polysaccharides’ bioactive
compounds use as therapeutic agents arises from the increasing interest in natural products
as alternatives to synthetic pharmaceuticals. With the rising prevalence of chronic diseases
and the side effects associated with conventional medications, there is a growing demand
for herbal remedies that offer therapeutic benefits with fewer adverse effects [9]. Aloe
Vera, with its rich composition of bioactive compounds, presents a viable candidate for
addressing various health issues, including skin disorders, inflammation, and even can-
cer [10]. However, despite its promising therapeutic potential, there is a need to critically
assess the benefits and potential side effects associated with Aloe Vera’s use, particularly in
clinical settings [9]. This review aims for synthesizing the existing literature on Aloe Vera
polysaccharides, elucidating their therapeutic applications while addressing the associated
risks and interactions with other medications. More specifically, this review offers three
novel contributions that are not comprehensively addressed in the existing literature. Thus,
while prior reviews have focused on Aloe Vera’s therapeutic benefits only, this work also
critically evaluates its side effects (e.g., allergic reactions and drug interactions) and toxicity
risks (e.g., liver damage from excessive aloin), providing a holistic view of its clinical
safety. In addition, our review highlights innovative delivery methods, such as thin films,
nanogels, and tissue-engineered scaffolds, for the controlled release of polysaccharides,
which were underexplored in earlier reviews. Moreover, this review uniquely discusses
Aloe Vera’s role in enhancing the efficacy of chemotherapy/radiotherapy while reducing
the side effects (e.g., mucositis), which represents a niche area of cancer care.

2. Aloe Vera and Its Bioactive Compounds
2.1. Chemical Composition

Aloe Vera is renowned for its diverse chemical composition, which contributes to its
extensive therapeutic properties. The plant primarily consists of two main components:
the gel obtained from the inner leaf pulp and the latex extracted from the leaf’s outer layer
(Figure 1). This complex composition includes a series of mono- and polysaccharides,
essential and secondary amino acids, chromones, anthraquinones, vitamins, minerals and
trace elements, enzymes, and sterols [1,11,12].
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Among the bioactive constituents, polysaccharides are particularly significant, with
acemannan being the most studied. Acemannan is a β-(1→4)-linked glucomannan, char-
acterized by its polydispersity and the presence of O-acetyl groups, which contribute
to its biological activity [14]. The other polysaccharides identified in Aloe Vera include
glucomannan, rhamnogalaturonans, homogalacturorans, xyloglucans, arabinogalactans,
galactoglucomannans, fructans, cellulose, and hemicellulose [15–17].

2.1.1. Aloe Vera Gel

The gel, which constitutes the majority of the leaf’s inner parenchyma, is composed
of approximately 99% water, with the remaining 1% containing a rich array of bioactive
compounds. The main components are polysaccharides (acemannan, glucomannan, galac-
toglucomannan, and pectins), glycoproteins and enzymes (amylase, peroxidase, and cata-
lase), vitamins and minerals (A, C, E, zinc, and selenium), and amino acids and hormones
(auxins and gibberellins) [1,16]. The most prevalent polysaccharide and the most-studied is
acemannan, a β-(1→4)-linked glucomannan, characterized by its polydispersity and the
presence of O-acetyl groups, which are critical for its biological activity [1].

The polysaccharides in Aloe Vera gel are primarily composed of mannose and glucose,
with mannose-to-glucose (M/G) ratios varying depending on the extraction methods and
growing conditions. For instance, some fractions exhibit ratios of approximately 5.9:1,
while others show ratios of 2.5:1 or 4.1:1 [18]. These polysaccharides are known for their
immunomodulatory, anti-inflammatory, and wound-healing properties, making them cru-
cial for biomedical applications [4,5,12]. In addition to acemannan, other polysaccharides,
such as mannans and pectins, also contribute to the gel’s health benefits [14]. The polysac-
charides in Aloe Vera gel exhibit strong antioxidative properties, effectively scavenging
free radicals and providing hepatoprotective and anti-inflammatory benefits [5,19].

Additionally, Aloe Vera is known to contain anthraquinones, which are phenolic
compounds with potent antimicrobial and anti-inflammatory properties [20]. While the
gel is primarily composed of non-irritating components, the latex contains anthraquinones
such as aloin, which can cause irritation and allergic reactions in some individuals [20,21].
This distinction highlights the importance of processing methods in the production of Aloe
Vera products, as most manufacturers focus on extracting the gel to minimize its adverse
effects [20].

The gel is rich in vitamins A, B-complex, C, and E, which are potent antioxidants that
protect cells from oxidative stress and promote skin health [4,5,12]. Furthermore, Aloe Vera
contains a variety of minerals, including calcium, magnesium, and zinc, which are essential
for numerous physiological functions [1,12]. The presence of enzymes such as amylase and
lipase enhance the digestibility of Aloe Vera, contributing to its gastrointestinal benefits [1].
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The overall chemical composition of Aloe Vera reinforces its potential as a therapeutic
agent. The synergistic effects of its various bioactive compounds contribute to its efficacy in
treating a wide range of health conditions, from skin disorders to gastrointestinal issues [4,5].
As research continues to explore the specific mechanisms of action of these compounds,
Aloe Vera remains a prominent subject of interest in the field of natural medicine and
therapeutic applications.

2.1.2. Aloe Vera Latex

The latex, found in the pericyclic tubules of the leaf’s outer layer, contains a distinct
set of bioactive compounds, primarily anthraquinones. These phenolic compounds, such
as aloin, aloe-emodin, and barbaloin, are responsible for the latex’s laxative effects but
can also cause irritation and allergic reactions in some individuals [20,21]. Due to these
potential adverse effects, most commercial Aloe Vera products focus on extracting the gel
while minimizing the latex content [20].

2.1.3. Extraction and Isolation of Polysaccharides

Isolating polysaccharides from Aloe Vera involves several methodologies, which affect
the yield and structural integrity of the polysaccharides. Studies have shown that the
extraction methods can significantly alter the physical and chemical properties of Aloe Vera
polysaccharides. For instance, variations in extraction techniques can lead to differences in
the molecular sizes and types of polysaccharides obtained [18,22].

The choice of techniques utilized for their extraction and purification depends to a
large extent on the type of polysaccharide and the structural changes that may occur during
the process. The structural variability is influenced by factors such as cultivars, plant
maturity, environmental conditions, and seasonal changes, which can alter the polysac-
charide composition significantly [23,24]. Alterations in the acemannan structure could
even be induced during storage, due to light, temperature, and oxygen exposure, or during
pretreatment, as the acetyl groups are sensitive to pH and dehydration temperatures above
60 ◦C [25].

The workflow presented in Figure 2 evolves differently after selecting the polysaccha-
ride (s) of interest and one of the appropriate extraction methods: hydrothermal, enzyme-
assisted, ultrasound-assisted or microwave-assisted extraction, pressurized-liquid or super-
critical fluid extraction, or ethanol precipitation. Conventional separation methods include
ethanol fractionation, Sevag method, dialysis, membrane ultrafiltration, ion-exchange
chromatography, and size-exclusion chromatography [26,27]. The optimal chain of pro-
cessing and characterization techniques should help in achieving higher purity and a
higher concentration of polysaccharides. If intended for industrial application, then they
should also comply with pharmaceutical regulations, as well as the requirements regarding
environmental sustainability and economic efficiency.
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2.2. Properties of Aloe Vera Polysaccharides Bioactive Compounds and Their Mechanisms of Action

Aloe Vera polysaccharides, particularly acemannan, are recognized for their diverse
mechanisms of action, which contribute to their therapeutic efficacy in various biomedical
applications. These bioactive compounds exhibit a wide range of biological activities,
including immunomodulation, anti-inflammatory effects, antimicrobial properties, wound
healing promotion, antioxidant activity, gastrointestinal health benefits, antidiabetic effects,
and anticancer properties [17,28]. Table 1 summarizes the key mechanisms of action of
Aloe Vera polysaccharides, particularly focusing on their therapeutic effects.

Table 1. Main mechanisms of action of Aloe Vera polysaccharides (AVPs).

Mechanism of Action Description References

Immunomodulation
AVPs, especially acemannan, enhance the
proliferation and activity of immune cells,

promoting a robust immune response.
[29,30]

Anti-inflammatory
Effects

AVPs inhibit the production of
pro-inflammatory cytokines and enzymes,

reducing inflammation in various
conditions.

[4,31]

Antimicrobial Activity

Aloe Vera extracts exhibit significant
antimicrobial properties, disrupting the
cell membranes of bacteria, viruses, and

fungi.

[32,33]

Wound Healing
Promotion

AVPs facilitate fibroblast migration and
proliferation, enhancing collagen
synthesis and tissue regeneration

[34–36]

Antioxidant
Properties

AVPs possess antioxidant capabilities,
neutralizing free radicals and reducing

oxidative stress in cells.
[5,37]

Gastrointestinal
Health

AVPs have been linked to improved gut
health, acting as prebiotics and promoting

beneficial gut microbiota.
[38,39]



Polysaccharides 2025, 6, 36 6 of 32

Table 1. Cont.

Mechanism of Action Description References

Antidiabetic Effects AVPs show potential in managing
diabetes [29,40]

Anticancer Properties
Certain polysaccharides in Aloe Vera have

demonstrated anticancer effects via
inducing apoptosis in cancer cells

[31,41]

Later, we delve deeper into the specific pathways and molecular interactions through
which these polysaccharides exert their therapeutic effects. However, an exact and singular
classification per biological property, mechanism of action, or targeted effect cannot be
presented. This task is made difficult by a series of factors: the complex composition
of Aloe Vera, the synergies between different components, the pluri-faceted behavior of
some polysaccharides and anthraquinones, and the multilayer pathology of some health
conditions. Therefore, an approach based on potential therapeutic applications centered
around a main biological property with other concurrent effects is more suitable for an
extensive review.

One of the primary mechanisms through which Aloe Vera polysaccharides exert their
effects is through the modulation of the immune system. Acemannan has been shown to
activate macrophages, dendritic cells, and lymphocytes, enhancing their proliferation and
activity, and thereby promoting a robust immune response [42,43]. This immunomodu-
latory effect is mediated through the toll-like receptor (TLR) pathway, specifically TLR4,
which recognizes polysaccharides and triggers the production of pro-inflammatory cy-
tokines such as interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-α).

Additionally, acemannan stimulates the production of nitric oxide (NO) and reac-
tive oxygen species (ROS) in macrophages, which are critical for pathogen clearance [44].
Polysaccharides also enhance antigen presentation by dendritic cells, promoting a more
robust adaptive immune response. This immunomodulatory activity is further supported
by the upregulation of major histocompatibility complex (MHC) class II molecules and
co-stimulatory molecules like CD80 and CD86 [45]. This immunomodulatory effect is
particularly beneficial in conditions where the immune system is compromised or requires
support, such as in chronic infections or during post-surgical recovery [28,46,47]. Addi-
tionally, Aloe Vera polysaccharides can stimulate the production of cytokines, which are
signaling molecules that facilitate communication between immune cells, further enhancing
the body’s defense mechanisms [10].

The anti-inflammatory properties of Aloe Vera polysaccharides are primarily mediated
through the inhibition of key inflammatory pathways. Acemannan and other polysac-
charides suppress the activation of nuclear factor-kappa B (NF-κB), a transcription factor
that regulates the expression of pro-inflammatory genes. By inhibiting NF-κB [48,49],
Aloe Vera polysaccharides reduce the production of cyclooxygenase-2 (COX-2) and lipoxy-
genase (LOX), enzymes responsible for the synthesis of inflammatory mediators such
as prostaglandins and leukotrienes [50,51]. This anti-inflammatory action is particularly
valuable in wound healing, where excessive inflammation can impede the healing pro-
cess [52,53]. Furthermore, Aloe Vera polysaccharides downregulate the expression of pro-
inflammatory cytokines like IL-1β, IL-6, and TNF-α, while upregulating anti-inflammatory
cytokines such as IL-10 [49,51,52]. This dual action helps to mitigate inflammation in
conditions such as arthritis, dermatitis, and inflammatory bowel disease (IBD) [48,54,55].
The polysaccharides also inhibit the migration of neutrophils and monocytes to inflamed
tissues, reducing tissue damage and promoting the resolution of inflammation [50,55].
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Aloe Vera polysaccharides also exhibit significant antimicrobial activity, which is
attributed to their ability to disrupt the cell membranes of bacteria, viruses, and fungi [20,56].
The primary mechanism of this involves the disruption of microbial cell membranes,
leading to leakage of cellular contents and eventual cell death. For example, acemannan
interacts with the lipopolysaccharides (LPS) in the outer membrane of Gram-negative
bacteria, destabilizing the membrane and increasing permeability [44,57].

In addition to direct antimicrobial effects, Aloe Vera polysaccharides enhance the
host’s immune response to infections. They stimulate the production of defensins and other
antimicrobial peptides through epithelial cells, providing a first line of defense against
pathogens [42,43].

The polysaccharides also exhibit antiviral activity by inhibiting viral replication and
entry into host cells. For instance, acemannan has been shown to block the binding of
herpes simplex virus (HSV) to host cell receptors [58,59]. Studies have shown that Aloe
Vera extracts can effectively inhibit the growth of a wide range of pathogens, including
Staphylococcus aureus, Escherichia coli, and various fungal species [32,55,60]. This antimicro-
bial property not only aids in preventing infections in wounds but also supports overall
health by reducing the microbial load in the gastrointestinal tract [28]. The presence of
phenolic compounds, such as p-coumaric acid and ascorbic acid, further enhances the
antimicrobial efficacy of Aloe Vera [32].

Aloe Vera polysaccharides are highly effective in promoting wound healing through
multiple mechanisms. They stimulate the proliferation and migration of fibroblasts, which
are essential for collagen synthesis and remodeling the extracellular matrix (ECM). Aceman-
nan enhances the expression of transforming growth factor-beta (TGF-β), a key regulator
of fibroblast activity and collagen production [61,62].

The polysaccharides also promote angiogenesis by upregulating the vascular endothe-
lial growth factor (VEGF) and basic fibroblast growth factor (bFGF), which are critical
for the formation of new blood vessels. This ensures an adequate supply of oxygen and
nutrients is provided to the wound site, facilitating tissue repair. Additionally, Aloe Vera
polysaccharides maintain a moist wound environment, which is conducive to faster healing
and reduces the risk of scarring [53,61].

Furthermore, Aloe Vera polysaccharides exhibit potent antioxidant activity by scav-
enging reactive oxygen species (ROS) and free radicals, which are byproducts of cellular
metabolism and inflammation. The polysaccharides enhance the activity of endogenous
antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx), which neutralize oxidative stress and protect cells from damage [17,63].

The antioxidant effects of Aloe Vera polysaccharides are further amplified through
the presence of phenolic compounds and flavonoids, which synergistically reduce oxida-
tive damage. This property is particularly beneficial in preventing lipid peroxidation,
DNA damage, and protein oxidation, processes associated with chronic diseases and
aging [17,63].

Aloe Vera polysaccharides support gastrointestinal health, acting as prebiotics and
promoting the growth of beneficial gut microbiota such as Lactobacillus and Bifidobacterium
species [64]. These polysaccharides are fermented by gut bacteria, producing short-chain
fatty acids (SCFAs) like butyrate, acetate, and propionate, which support intestinal health
and reduce inflammation [65].

The polysaccharides also enhance the integrity of the intestinal epithelial barrier
by upregulating the expression of tight junction proteins such as occludin and zonula
occludens-1 (ZO-1) [51,54]. This prevents the translocation of pathogens and toxins across
the gut lining, reducing the risk of leaky gut syndrome and associated inflammatory
conditions [45,48].
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In diabetic conditions, Aloe Vera polysaccharides help regulate blood glucose lev-
els by improving the sensitivity of insulin and enhancing glucose uptake in peripheral
tissues [66–68]. Acemannan has been shown to activate AMP-activated protein kinase
(AMPK), a key regulator of the glucose metabolism [69,70]. This leads to the increased
translocation of glucose transporter type 4 (GLUT4) to the cell membrane, facilitating
glucose uptake in muscle and adipose tissues [71,72].

Additionally, Aloe Vera polysaccharides inhibit alpha-glucosidase and alpha-amylase,
enzymes involved in carbohydrate digestion, thereby reducing postprandial blood glucose
levels [73,74]. These mechanisms make Aloe Vera polysaccharides a promising adjunct in
the management of type 2 diabetes.

Certain polysaccharides in Aloe Vera, including acemannan, have demonstrated
antitumoral effects by inducing apoptosis (programmed cell death) in cancer cells. This is
achieved through the activation of caspase-3 and caspase-9, key enzymes in the apoptotic
pathway [45,48]. Aloe Vera polysaccharides also inhibit angiogenesis and metastasis by
downregulating matrix metalloproteinases (MMPs) and VEGF [75].

Moreover, these polysaccharides enhance the immune system’s ability to recognize
and destroy cancer cells through stimulating natural killer (NK) cells and cytotoxic T
lymphocytes (CTLs) [43,55]. The antioxidant properties of Aloe Vera polysaccharides
further contribute to their anticancer effects through reducing oxidative stress, which is a
key driver of carcinogenesis [76,77].

Continued research into the molecular mechanisms of Aloe Vera polysaccharides will
further elucidate their therapeutic potential and expand their applications in healthcare.

3. Potential Aloe Vera Therapeutic Applications
The mechanisms of action of Aloe Vera polysaccharides are diverse, involving com-

plex molecular interactions and signaling pathways. From their immunomodulation and
anti-inflammatory effects to their antimicrobial activity, wound healing promotion, and
anticancer properties, these bioactive compounds demonstrate remarkable therapeutic
potential. Their ability to modulate key cellular processes highlights their value as natural
agents in modern medicine, with applications ranging from wound care and gastrointesti-
nal health to diabetes management and cancer therapy [1,60].

In exploring the diverse therapeutic applications of Aloe Vera, Figure 3 provides a
schematic representation of the biological properties of Aloe Vera, which underpin its
potential benefits in various medical fields.
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3.1. Antiseptic

Aloe Vera has long been recognized for its antiseptic properties, making it a valuable
component in wound care and infection prevention.

The plant contains various bioactive compounds, including saponins, which are
known for their cleansing and antimicrobial effects. Saponins can effectively disrupt the
membranes of microbial cells, thereby preventing the growth of bacteria and fungi that
commonly infect wounds [78,79]. This property is particularly beneficial in clinical settings,
where maintaining a sterile environment is crucial for patient recovery.

The differences between Gram-positive and Gram-negative bacteria can be attributed
to their distinct cell wall structures and the presence of various resistance mechanisms.
Gram-positive bacteria have a thick peptidoglycan layer, which is more susceptible to
certain antibiotics, while Gram-negative bacteria possess an outer membrane that acts
as a barrier to many drugs. Understanding these differences is crucial for selecting an
appropriate antibiotic therapy and combating bacterial infections effectively. As antibiotic
resistance continues to rise, ongoing research is essential to develop new strategies and
agents that can target both Gram-positive and Gram-negative pathogens effectively.

In Table 2, we summarize the effects of Aloe Vera on various bacterial strains, including
both Gram-positive and Gram-negative bacteria:

Table 2. Effects of Aloe Vera on Gram-positive (Gram+) and Gram-negative (Gram−) bacterial strains.

Bacterial Strain Gram Classification Effect of Aloe Vera Mechanism of Action Ref.

Staphylococcus aureus Gram+ Inhibits growth and
biofilm formation

Disrupts cell membrane
integrity and inhibits

quorum-sensing
[55,57]

Streptococcus pyogenes Gram+
Reduces bacterial

viability and
colonization

Interferes with cell wall
synthesis and membrane

permeability
[43,57]

Bacillus subtilis Gram+ Suppresses bacterial
growth

Disrupts membrane
potential and inhibits

enzyme activity
[60]

Escherichia coli Gram−
Inhibits growth and

reduces biofilm
formation

Interacts with
lipopolysaccharides in the

outer membrane, increasing
permeability

[44,57]

Pseudomonas
aeruginosa Gram−

Reduces bacterial
adhesion and biofilm

formation

Disrupts membrane
integrity and inhibits

quorum-sensing
[45,55]

Klebsiella pneumoniae Gram− Inhibits growth and
reduces virulence

Disrupts membrane
stability and inhibits efflux

pumps
[60]

Salmonella
typhimurium Gram−

Reduces bacterial
viability and
colonization

Interferes with membrane
integrity and nutrient

uptake
[44]

Helicobacter pylori Gram−
Inhibits growth and

reduces gastric
colonization

Disrupts membrane
integrity and inhibits urease

activity
[54]
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Table 2. Cont.

Proteus vulgaris Gram− Suppresses bacterial
growth

Disrupts membrane
potential and inhibits

enzyme activity
[60]

Enterococcus faecalis Gram− Inhibits growth and
biofilm formation

Disrupts cell wall synthesis
and membrane integrity [55]

Key Notes:
Aloe Vera polysaccharides, particularly acemannan, disrupt bacterial cell membranes,

interfere with biofilm formation, and inhibit quorum-sensing, making them effective against
both Gram-positive and Gram-negative bacteria. Aloe Vera is particularly effective in
preventing biofilm formation, which is a key factor in bacterial persistence and antibiotic
resistance.

Aloe Vera exhibits antimicrobial activity against a wide range of pathogens, including
drug-resistant strains. Targeted pathogens include Staphylococcus aureus and Escherichia
coli, which are often implicated in wound infections [80,81]. The gel’s effectiveness as an
antiseptic is attributed not only to its saponin content but also to other compounds, such as
flavonoids and polyphenols, which possess inherent antimicrobial properties [82]. These
compounds work synergistically to enhance the overall antimicrobial efficacy of Aloe Vera,
making it a potent natural antiseptic.

In addition to its antibacterial properties, Aloe Vera has shown antifungal activity,
further broadening its application in wound care.

In Table 3, we summarize the antifungal properties of Aloe Vera, including the fungal
strains studied, the mechanisms of action, and key findings.

Table 3. Antifungal properties of Aloe Vera (AV).

Fungal Strain Mechanism of Action Key Findings Ref.

Candida albicans
Disruption of cell membrane

integrity and inhibition of biofilm
formation

AV extracts inhibit growth and
reduces the biofilm formation of

Candida albicans
[55,57]

Aspergillus niger Interference with fungal cell wall
synthesis and membrane stability

AV gel exhibits antifungal activity,
reducing spore germination [60]

Trichophyton mentagrophytes Inhibition of fungal enzymes and
disruption of hyphal growth

AV extracts show significant
antifungal activity against

dermatophytes like Trichophyton spp.
[44]

Fusarium oxysporum
Induction of oxidative stress and

disruption of fungal cell
membranes

AV polysaccharides reduce fungal
growth and spore production [45]

Cryptococcus neoformans Enhanced immune response and
direct antifungal activity

AV enhances macrophage activity,
reducing fungal viability [55]

Alternaria alternata Inhibition of fungal spore
germination and mycelial growth

AV extracts inhibit the growth of
Alternaria alternata, a common plant

pathogen
[60]

Malassezia furfur Disruption of lipid-dependent
fungal membranes

AV gel reduces the growth of this
fungus associated with skin

conditions
[57]

Saccharomyces cerevisiae
Induction of oxidative stress and

disruption of yeast cell
membranes

AV polysaccharides inhibit the
growth of the fungus by inducing

cell lysis
[44]
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Key Notes:
Aloe Vera exerts its antifungal effects through multiple mechanisms, including the

disruption of fungal cell membranes, the inhibition of biofilm formation, interference with
cell wall synthesis, and the induction of oxidative stress. Aloe Vera exhibits antifungal
activity against a wide range of fungal strains, including Candida albicans, Aspergillus niger,
and Trichophyton mentagrophytes. The combination of polysaccharides, phenolic compounds,
and flavonoids in Aloe Vera enhances its antifungal efficacy, making it a potent natural
antifungal agent.

Studies have indicated that Aloe Vera gel can inhibit the growth of various fungal
strains, providing a dual-action approach to infection prevention [81,83]. This antifungal
capability is particularly relevant when treating wounds that may be susceptible to fungal
infections, such as those in immunocompromised patients.

The application of Aloe Vera as an antiseptic is not limited to topical use; it has also
been explored in dental practices. Aloe Vera gel has been used as an oral rinse and in
periodontal treatments, demonstrating effectiveness against oral pathogens [81]. This
versatility adds to the plant’s potential as a natural antiseptic in various medical fields,
including dentistry and general wound care.

Moreover, Aloe Vera’s ability to promote healing while providing antiseptic benefits
makes it an ideal candidate for incorporation into thin film dressings and other wound
care products. The use of Aloe Vera in such formulations can enhance the healing process
by maintaining a moist environment, which is conducive to tissue regeneration, while
simultaneously preventing microbial colonization [6,84]. This characteristic is particularly
advantageous in the management of chronic wounds, where infection and delayed healing
are common challenges.

The antiseptic properties of Aloe Vera due to its rich composition of bioactive com-
pounds make it a valuable therapeutic agent in wound care. Its ability to inhibit bacterial
and fungal growth, combined with its healing-promoting effects, positions Aloe Vera as a
promising natural alternative to synthetic antiseptics in both clinical and home settings.

3.2. Anti-Inflammatory Action

Aloe Vera is widely recognized for its potent anti-inflammatory properties, which are
primarily attributed to its rich composition of bioactive compounds, including polysaccha-
rides, flavonoids, and phenolic acids. These compounds work synergistically to modulate
inflammatory responses, making Aloe Vera an effective therapeutic agent in managing
various inflammatory conditions [83,85].

One of the key mechanisms through which Aloe Vera exerts its anti-inflammatory
effects is through inhibiting the production of pro-inflammatory cytokines. Studies have
shown that Aloe Vera can downregulate the expression of cytokines such as tumor necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6), which play critical roles in the inflammatory
process [86,87]. By reducing the levels of these cytokines, Aloe Vera helps to mitigate the
inflammatory response, thereby alleviating symptoms associated with conditions such as
arthritis and inflammatory bowel disease [88].

Additionally, Aloe Vera contains enzymes like carboxypeptidase, which has been
reported to inactivate bradykinin, a peptide that promotes vasodilation and increases
vascular permeability during inflammation [83]. This action not only reduces swelling and
pain but also limits the infiltration of leukocytes into inflamed tissues, further contributing
to its anti-inflammatory effects [88]. Furthermore, Aloe Vera has been shown to inhibit the
cyclooxygenase (COX) pathway, which is involved in the synthesis of prostaglandins that
mediate inflammation [32,89]. By blocking this pathway, Aloe Vera can effectively reduce
inflammation and associated pain.
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The antioxidant properties of Aloe Vera also play a significant role in its anti-
inflammatory action. By scavenging free radicals and reducing oxidative stress, Aloe
Vera helps to prevent cellular damage that can exacerbate inflammation [10,87]. This antiox-
idant activity is particularly beneficial in chronic inflammatory conditions, where oxidative
stress is often a contributing factor [10].

Aloe Vera’s ability to promote tissue regeneration and healing further enhances its anti-
inflammatory effects. The polysaccharides in Aloe Vera stimulate fibroblast proliferation
and collagen synthesis, which are essential for repairing damaged tissues [90,91]. This
regenerative capability not only aids in recovery from inflammation but also helps to restore
normal tissue function.

In clinical applications, Aloe Vera has been utilized in various formulations, includ-
ing topical gels and creams, to treat inflammatory skin conditions such as psoriasis and
eczema [37,92]. Its soothing properties make it an ideal candidate for managing inflam-
mation and promoting healing in dermatological applications. Additionally, Aloe Vera
has been incorporated into oral supplements aimed for reducing systemic inflammation,
showcasing its versatility as an anti-inflammatory agent [93,94].

The anti-inflammatory action of Aloe Vera is multifaceted, involving the inhibition of
pro-inflammatory cytokines, modulation of the COX pathway, antioxidant activity, and the
promotion of tissue-healing.

3.3. Skin Health

The polysaccharides present in Aloe Vera, especially acemannan, play a crucial role
in enhancing skin health by facilitating various biological processes involved in tissue
repair [13,95].

One of the primary mechanisms through which Aloe Vera promotes skin tissue healing
is through stimulating fibroblast proliferation and collagen synthesis. Fibroblasts are
essential cells in the dermis, producing collagen and extracellular matrix components,
which are vital for maintaining the structure and elasticity of the skin [95,96]. Research has
shown that the application of Aloe Vera gel can significantly increase fibroblast activity,
leading to enhanced collagen deposition and improved wound healing outcomes [95,97].
This effect is particularly beneficial in the context of chronic wounds, where fibroblast
activity is often impaired.

In addition to promoting fibroblast proliferation, Aloe Vera has been shown to enhance
the overall healing process by improving blood supply to the affected area. Increased blood
flow ensures that essential nutrients and oxygen are delivered to the skin tissue, facilitating
faster recovery [61,98]. The presence of bioactive compounds in Aloe Vera, such as vitamins
and minerals, further supports this process by providing the necessary building blocks for
tissue repair [99,100].

Aloe Vera’s anti-inflammatory properties also contribute to its effectiveness in skin
tissue applications. By reducing inflammation at the wound site, Aloe Vera helps to create
a more favorable environment for healing [97,101]. This is particularly important in cases
of burns or other injuries where inflammation can impede the healing process and lead to
complications.

Moreover, Aloe Vera’s moisturizing properties play a significant role in skin health.
The gel extracted from Aloe Vera leaves contains a high percentage of water, which helps
to hydrate the skin and prevent excessive fluid loss [100,102]. This moisture retention is
crucial for maintaining skin integrity and promoting healing, especially in dry or damaged
tissues [89].

Clinical studies have demonstrated the efficacy of Aloe Vera in treating various skin
conditions, including burns, abrasions, and chronic ulcers. For instance, Aloe Vera has
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been shown to accelerate the healing of second-degree burns and reduce the severity of
erythema and pain associated with skin injuries [96,103]. Additionally, its application
has been linked to improved outcomes in patients with diabetic ulcers, highlighting its
potential as a therapeutic agent in managing complex skin conditions [13,95].

Through its stimulation of fibroblast activity, the improvements it provides in blood
supply, its anti-inflammatory effects, and its moisturizing properties, Aloe Vera serves as
a valuable therapeutic agent in wound healing and skin regeneration. Its application in
various formulations, including gels and creams, reinforces its potential for broader use in
dermatological and cosmetic products.

3.4. Tissue Engineering

One of the significant advantages of using Aloe Vera in tissue engineering is its ability
to enhance the proliferation and differentiation of stem cells. Research has shown that
Aloe Vera extracts can induce the expression of integrin genes in human adipose-derived
stem cells (hASCs), which are essential for cell adhesion and tissue integration [104]. This
property is particularly valuable in tissue engineering, where the successful integration of
scaffolds with host tissues is critical for the functionality of engineered constructs.

Aloe Vera’s polysaccharides also contribute to the mechanical properties of tissue
engineering scaffolds. When combined with other materials, such as collagen or chitosan,
Aloe Vera can improve the hydrophilicity and mechanical stability of the resulting com-
posites [36,105]. For instance, studies have demonstrated that Aloe Vera-coated polylactic
acid (PLA) scaffolds exhibit an enhanced affinity for cell attachment and growth, mak-
ing them suitable for various tissue engineering applications, including bone and skin
regeneration [105].

Aloe Vera’s inherent antimicrobial properties make it an ideal candidate for preventing
infections in tissue engineering applications. The presence of bioactive compounds in Aloe
Vera helps to inhibit bacterial growth, thereby reducing the risk of infection in implanted
scaffolds [106]. This is particularly important in clinical settings, where infections can
significantly compromise the success of tissue engineering interventions.

In addition to its mechanical and antimicrobial properties, Aloe Vera promotes an-
giogenesis, the formation of new blood vessels, which is vital for supplying nutrients
and oxygen to the engineered tissues [11,107]. The polysaccharides in Aloe Vera have
been shown to stimulate the release of growth factors that facilitate angiogenesis, thereby
enhancing the viability and functionality of tissue-engineered constructs.

Aloe Vera has also been incorporated into various types of scaffolds, including hy-
drogels and nanofibrous membranes, to create a conducive environment for cell growth
and tissue regeneration [11,107]. For example, Aloe Vera-based hydrogels have been devel-
oped for wound healing applications, providing a moist environment that promotes faster
healing while delivering bioactive compounds directly to the wound site [107].

3.5. Antiviral and Anti-Tumoral Action

Aloe Vera bioactive compounds, polysaccharides, flavonoids, and anthraquinones
have been shown to exhibit significant biological activities that can inhibit viral replication
and tumor growth, making Aloe Vera a promising candidate for therapeutic applications
in virology and oncology [108,109].

Research has demonstrated that acemannan can interfere with viral replication through
inhibiting the adsorption of viruses to host cells and disrupting their life cycle [110,111].
In vitro studies have shown that Aloe Vera extracts can significantly reduce the replication
of various viruses, including herpes simplex virus (HSV) and human immunodeficiency
virus (HIV) [112]. Their mechanism of action involves the interaction of polysaccharides
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with viral particles, preventing them from binding to host cell receptors, thereby blocking
infection [110].

Aloe Vera has also been investigated for its potential in treating viral infections such as
the influenza virus and, more recently, SARS-CoV-2. A study utilizing molecular docking
techniques indicated that compounds derived from Aloe Vera could serve as potential
inhibitors of the main protease of SARS-CoV-2, suggesting a role for Aloe Vera in the devel-
opment of antiviral therapies against COVID-19 [108,109]. This highlights the relevance of
Aloe Vera in addressing emerging viral threats and its potential as a natural antiviral agent.

In addition to its antiviral effects, Aloe Vera has demonstrated anti-tumoral properties
in various studies. The presence of bioactive compounds such as aloesin and emodin has
been linked to the inhibition of cancer cell proliferation and the induction of apoptosis in
several cancer types, including ovarian and colon cancers [113,114]. These compounds
exert their effects by modulating key signaling pathways involved in cell growth and
survival, such as the mitogen-activated protein kinase (MAPK) pathway [114].

An interesting approach is to develop different means of extracting and purifying
polysaccharides from Aloe Vera gel to achieve targeted responses for specific tumors. Thus,
through using different solvents for the elution of Aloe Vera polysaccharides, distinct
structures are obtained, with considerable variations in the contents of acemannan and
O-acetyl groups. These variations are directly reflected in their biological activity. When
colorectal cancer cells were exposed to phthalates, it was proven that the polysaccharides
eluted from Aloe Vera showed distinct regulatory effects according to their correspondent
fractions, depending on the eluent that was used: either water or ethanol [115].

Furthermore, Aloe Vera’s antioxidant properties contribute to its anticancer effects
by reducing oxidative stress, which is a known contributor to cancer development. By
scavenging free radicals and enhancing the body’s antioxidant defenses, Aloe Vera helps to
protect cells from damage that can lead to tumorigenesis [100].

Clinical studies have also explored the use of Aloe Vera in conjunction with conven-
tional cancer therapies. For instance, Aloe Vera has been shown to enhance the efficacy of
chemotherapy while reducing the side effects associated with treatment, such as mucositis
and skin irritation [116]. This synergistic effect points to Aloe Vera’s potential as an adjunc-
tive treatment in cancer care, providing both therapeutic benefits and supportive care. Aloe
Vera’s ability to inhibit viral replication and tumor growth, coupled with its antioxidant
and immunomodulatory effects, positions it as a valuable therapeutic agent in the fields of
virology and oncology. However, further research and clinical trials are warranted to fully
elucidate its mechanisms of action and potential applications in these areas.

4. Delivery Methods
Delivery methods for Aloe Vera (Figure 4) have evolved significantly, offering a range

of convenient options for harnessing the plant’s healing properties, from topical gels and
juices to capsules and infused skincare products.

Table 4 illustrates the diverse applications of Aloe Vera polysaccharides in biomedical
contexts, highlighting their mechanisms of action, their delivery method, and the evidence
supporting their efficacy in various clinical and experimental settings.
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Table 4. Aloe Vera delivery methods.

Aloe Vera
Polysaccharide

Com-pound

Delivery
Method

In Vivo
Experiments Clinical Trials Mode of Action Biomedical

Application

Acemannan
Oral

supplements,
topical gel

Demonstrated
wound healing
in diabetic rats

[31]

Effective in
treating

second-degree
burns [117]

Anti-
inflammatory,
promotes cell

proliferation [31]

Wound healing,
burn treatment

Glucomannan
Oral

supplements,
topical gel

Enhanced skin
hydration in

animal models
[118]

Improved skin
integrity in

pressure ulcer
patients [119]

Moisture
retention, skin

barrier
enhancement

[120]

Pressure ulcer
prevention, skin

care

Mannan
Oral

supplements,
topical gel

Induced
apoptosis in

cancer cells [31]

Reduced
symptoms in

oral submucous
fibrosis [121]

Immunomodulation,
anticancer

properties [31]

Cancer
treatment, oral

health

Fructans
Oral

supplements,
edible coatings

Improved gut
health in animal

models [39]

Enhanced
healing in oral
lesions [122]

Prebiotic effects,
supports gut

microbiota [39]

Digestive health,
oral care

Polysaccharide-
rich gel

Topical
applications, gels

Reduced
erythema in skin
irritation models

[118]

Effective in
managing

dermatitis in
cancer patients

[123,124]

Anti-
inflammatory,
skin healing

[106]

Dermatological
applications

Aloe
polysaccharide

extract

Oral
supplements,

topical
applications

Enhanced
wound healing

in diabetic
models [31]

Improved
healing in

chronic wounds
[125]

Promotes cell
migration and

proliferation [31]

Chronic wound
management

Aloe gel
(mucilage)

Topical
applications,

creams

Demonstrated
anti-

inflammatory
effects in

psoriasis models
[126]

Clinical
improvement in

psoriasis
symptoms [126]

Anti-
inflammatory,
skin barrier

restoration [126]

Psoriasis
treatment
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4.1. Gels

Aloe Vera gels are among the most common delivery methods for its bioactive com-
pounds. The gel formulation allows for easy application on the skin, providing localized
treatment for wounds, burns, and other skin conditions [100].

Acemannan has been shown to stimulate fibroblast proliferation and collagen synthe-
sis, which are essential processes for tissue repair and regeneration [127,128]. This makes
Aloe Vera gel particularly effective in treating skin injuries, burns, and chronic wounds,
where rapid healing is crucial [4,128].

The hydrophilic nature of Aloe Vera gel enhances moisture retention and promotes
healing, making it an effective vehicle for delivering therapeutic agents [10]. Aloe Vera gel
acts as a humectant, drawing moisture into the skin and preventing dehydration, which is
vital for maintaining skin integrity during the healing process [37,129,130]. This hydrating
effect promotes faster healing and also improves the overall appearance and texture of the
skin, making Aloe Vera gel a popular ingredient in cosmetic formulations [102,131].

In addition, Aloe Vera gel exhibits significant antimicrobial activity. The gel contains
various bioactive compounds, including saponins and anthraquinones, which have been
shown to inhibit the growth of bacteria and fungi [128,132]. This antimicrobial action
is particularly beneficial in preventing infections in wounds and skin lesions, further
enhancing the therapeutic potential of Aloe Vera gel [132,133].

Recent advancements in formulation technology have led to the development of Aloe
Vera gel-based hydrogels and nanogels, which offer improved drug delivery and the sus-
tained release of bioactive compounds [134,135]. These innovative formulations enhance
the therapeutic potential of Aloe Vera gel, making it suitable for a wider range of biomed-
ical applications, including tissue engineering and regenerative medicine [37,131]. The
incorporation of Aloe Vera gel into edible coatings has been explored in food preservation,
proving that it can help extend the shelf life of fruits and vegetables by reducing microbial
contamination [92,136]. This application highlights the versatility of Aloe Vera gel beyond
therapeutic uses, showcasing its potential in the food industry as a natural preservative.

Furthermore, the incorporation of Aloe Vera in gel formulations can enhance the
stability and bioavailability of other active ingredients, improving overall efficacy [137].

4.2. Thin Films

Thin films made from Aloe Vera polysaccharides offer a novel approach to drug deliv-
ery and wound healing [13,138]. These films can be applied directly to the skin, providing
a protective barrier while allowing for the controlled release of bioactive compounds [139].

When incorporated into thin film formulations, Aloe Vera polysaccharides, particularly
acemannan, can create a supportive environment for cell growth and migration, facilitating
the healing process in damaged tissues [37,140]. Aloe Vera thin films also exhibit excellent
moisture-retention capabilities. The hydrophilic nature of Aloe Vera allows these films to
draw moisture from the surrounding environment, preventing dehydration of the wound
site and promoting faster recovery [10,141]. Similarly to the gel, Aloe Vera thin films possess
antimicrobial activity, with the presence of bioactive compounds such as saponins and
anthraquinones in Aloe Vera helping to inhibit the growth of bacteria and fungi [13,134].

Also, Aloe Vera-based thin films that can be tailored for specific applications. For
instance, researchers have explored the incorporation of Aloe Vera into polymeric matrices
to create composite films with enhanced mechanical properties and the controlled release
of bioactive compounds [120,142]. These innovative formulations not only improve the
stability and efficacy of the therapeutic agents but also expand the potential applications of
Aloe Vera in tissue engineering and regenerative medicine.
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Aloe Vera thin films have also been investigated for their use in food preservation. The
antimicrobial properties of Aloe Vera can help extend the shelf life of perishable products
by reducing microbial contamination [92,143].

The versatility of Aloe Vera thin films extends beyond their therapeutic applications,
demonstrating their potential as valuable tools in wound healing, tissue engineering, and
food preservation, ultimately contributing to improved patient outcomes.

4.3. Wound Dressings

Aloe Vera-infused dressings have attracted attention for their ability to promote heal-
ing and prevent infection in wounds. The incorporation of Aloe Vera into wound dressings
enhances their antimicrobial properties, providing a natural alternative to conventional
dressings [100].

Studies have shown that Aloe Vera dressings can significantly reduce healing time
and improve patient comfort, making them a preferred choice in clinical settings [117].

Moreover, these dressings are proven to retain moisture, preventing desiccation
of the wound bed and facilitating the migration of epithelial cells necessary for re-
epithelialization [144,145]. This moisture-retentive property is particularly beneficial in
the treatment of chronic wounds, where maintaining hydration is critical for effective
healing [146]. Recent advancements in material science have led to the development of
innovative Aloe Vera-based dressings, which not only enhance the mechanical properties
and stability of the dressing but also improve the controlled release of bioactive compounds,
further augmenting their therapeutic efficacy [125,147]. For example, studies have demon-
strated that chitosan–alginate hydrogels containing Aloe Vera can provide a sustained
release of active ingredients while maintaining favorable swelling and degradation pro-
files [148]. Clinical trials have shown that Aloe Vera gel dressings can significantly reduce
healing time and improve patient comfort in individuals with diabetic foot ulcers and
pressure sores [126,149]. Combining Aloe Vera’s natural healing properties with mod-
ern dressing technologies positions these products as promising options in the field of
wound care.

4.4. Oral Administration

The oral delivery of Aloe Vera has been explored for its potential health benefits,
particularly in managing gastrointestinal disorders and promoting overall wellness. Aloe
Vera juice and supplements are commonly used to support digestive health thanks to
their soothing properties [150]. Research has indicated that the oral consumption of Aloe
Vera can help alleviate symptoms of conditions such as irritable bowel syndrome and
acid reflux [151]. The bioactive compounds in Aloe Vera, including polysaccharides,
contribute to its therapeutic effects when taken orally, making it a valuable addition to
dietary regimens [152]. Aloe Vera contains a rich array of active ingredients with beneficial
action for various gastrointestinal conditions [152–155]. The oral consumption of Aloe
Vera has been found to promote the attachment and enhance the healing of wounded cells,
potentially contributing to its therapeutic effects [154].

Furthermore, studies have suggested that Aloe Vera can have a positive impact on
blood pressure and glucose levels, making it a potential complementary treatment for con-
ditions such as diabetes and hypertension [32,156]. The antioxidant and anti-inflammatory
properties of Aloe Vera may also contribute to its beneficial effects on the gastrointestinal
system [151,155]. However, it is important to note that the effects of Aloe Vera as a dietary
supplement can be subtle, and long-term intervention may be necessary to observe signifi-
cant improvements in symptoms [151]. Additionally, some studies have reported potential
adverse effects, such as abdominal pain and muscle weakness, associated with Aloe Vera
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supplementation [157]. Therefore, it is crucial to consult with healthcare professionals
before incorporating Aloe Vera into one’s dietary regimen, especially for individuals with
pre-existing medical conditions.

4.5. Scaffolds

Scaffolds play a crucial role in the field of tissue engineering, particularly when
considering the application of Aloe Vera polysaccharides as therapeutic agents. The unique
properties of Aloe Vera have garnered significant attention for their potential in creating
biocompatible scaffolds that can support cellular activities and promote tissue regeneration.
Polysaccharides such as acemannan and glucomannan are known for their ability to
enhance cell proliferation, migration, and differentiation, which are essential processes in
wound healing and tissue repair [158,159].

The structural characteristics of Aloe Vera polysaccharides contribute to their effective-
ness as scaffolding materials. For instance, the molecular structure of acemannan, which
consists of a backbone of β-(1→4)-D-mannose residues with various side chains, allows for
the formation of hydrogels that can retain moisture and provide a conducive environment
for cell attachment and growth [38,159,160].

Furthermore, the rheological behavior of Aloe Vera-based hydrogels indicates that
they can be tailored to meet specific mechanical and physical requirements, making them
suitable for various biomedical applications [120]. In addition to their structural proper-
ties, Aloe Vera polysaccharides exhibit significant biological activities that enhance their
utility in scaffolding. This is particularly relevant in the context of chronic wounds, where
excessive inflammation can impede healing. By incorporating Aloe Vera polysaccharides
into scaffolds, researchers can potentially create materials that not only support tissue
regeneration but also modulate the inflammatory response, thereby improving healing
outcomes [99,161,162]. To further enhance their appeal as scaffold materials, the presence
of compounds such as anthraquinones and salicylic acid in Aloe Vera has been linked
to its antibacterial effects, which can help prevent infections in wound-healing applica-
tions [106,134]. Scaffolds that incorporate Aloe Vera polysaccharides can thus provide
a dual function: serving as a physical support structure while also delivering bioactive
compounds that promote healing and prevent infection [159,163]. This multifunctionality
is particularly advantageous in the development of advanced wound dressings and tissue
engineering constructs. The integration of Aloe Vera polysaccharides into various scaffold
designs has been explored in numerous studies. For instance, electrospun nanofibrous
scaffolds that incorporate Aloe Vera extracts have shown promise in bone tissue engineer-
ing applications due to their enhanced mechanical properties and biocompatibility [164].
Additionally, the use of Aloe Vera-based hydrogels has been investigated for their potential
in treating skin conditions such as psoriasis, highlighting the versatility of these materials
in addressing a range of biomedical challenges [158,165]. Furthermore, the ability of Aloe
Vera polysaccharides to form hydrogels that can encapsulate therapeutic agents opens
new avenues for controlled drug delivery systems. These systems can provide a sustained
release of bioactive compounds, thereby enhancing therapeutic efficacy while minimizing
side effects [159,166]. The incorporation of Aloe Vera polysaccharides into drug delivery
scaffolds can facilitate localized treatment, which is particularly beneficial in managing
chronic conditions or localized injuries. In conclusion, the application of Aloe Vera polysac-
charides in scaffold development represents a promising area of research within the field
of biomedical engineering. Their unique structural and biological properties make them
suitable candidates for creating advanced scaffolds that can support tissue regeneration,
modulate inflammatory responses, and deliver therapeutic agents effectively. As research
continues to explore the full potential of Aloe Vera polysaccharides, it is likely that we
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will see further innovations in scaffold design that leverage these natural compounds for
improved clinical outcomes.

5. Benefits and Risks
5.1. Advantages

Aloe Vera polysaccharides, particularly acemannan, have garnered significant atten-
tion for their therapeutic properties and applications in various biomedical fields. One of
the primary advantages of Aloe Vera polysaccharides is their potent anti-inflammatory
effects, which are crucial for promoting wound healing and tissue regeneration. Research
indicates that these polysaccharides can modulate inflammatory responses, thereby reduc-
ing swelling and pain associated with injuries [99,161]. This property makes Aloe Vera
particularly beneficial in treating skin injuries, such as burns, cuts, and insect bites, where
inflammation can hinder the healing process [99,161]. In addition to their anti-inflammatory
capabilities, Aloe Vera polysaccharides exhibit strong antimicrobial properties. Studies
have shown that these compounds possess antibacterial, antiviral, and antifungal activities,
which can help prevent infections in wounds and enhance overall healing outcomes [99,167].
The presence of bioactive compounds such as aloin and aloesin contributes to these antimi-
crobial effects, making Aloe Vera a valuable natural alternative to conventional antisep-
tics [99,161]. This dual action of promoting healing while preventing infection accentuates
the therapeutic potential of Aloe Vera polysaccharides in clinical settings. Another signif-
icant advantage of Aloe Vera polysaccharides is their ability to enhance skin hydration
and elasticity. The mucilage derived from Aloe Vera is rich in polysaccharides that can
retain moisture, providing a protective barrier that helps maintain skin integrity [166,168].
This property is particularly beneficial in cosmetic applications, where Aloe Vera is used
to formulate moisturizers and skin care products aimed for improving skin texture and
reducing signs of aging [31,120]. Furthermore, the antioxidant properties of Aloe Vera
polysaccharides help combat oxidative stress, which is a contributing factor to skin aging
and various dermatological conditions [169,170]. Moreover, the immunomodulatory effects
of Aloe Vera polysaccharides are noteworthy. These compounds can stimulate immune
responses, enhancing the body’s ability to fight infections and diseases [99,171]. This
immunostimulatory action is particularly relevant in the context of chronic diseases and
conditions where the immune system may be compromised. Through supporting immune
function, Aloe Vera polysaccharides can play a role in the prevention and management of
various health issues, including metabolic syndrome and certain cancers [135,172]. The
versatility of Aloe Vera polysaccharides extends to their applications in functional foods
and dietary supplements. The incorporation of these polysaccharides into food products
not only enhances the nutritional profile of the products but also provides health bene-
fits, such as improved digestion and gut health [173,174]. The prebiotic effects of Aloe
Vera polysaccharides can promote the growth of beneficial gut microbiota, contributing
to overall digestive health [168,175]. This aspect of Aloe Vera polysaccharides highlights
their potential as a functional ingredient in health-promoting foods. In conclusion, the
advantages of Aloe Vera polysaccharides as therapeutic agents are multifaceted, encom-
passing anti-inflammatory, antimicrobial, hydrating, immunomodulatory, and nutritional
benefits. These properties make Aloe Vera polysaccharides a promising candidate for
various biomedical applications, from wound healing to functional food development. As
research continues to unveil the mechanisms underlying these benefits, the potential for
Aloe Vera polysaccharides to enhance health and well-being remains significant.
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5.2. Side Effects

While Aloe Vera polysaccharides are widely recognized for their therapeutic bene-
fits, it is essential to consider the potential side effects associated with their use. One of
the primary concerns is the risk of allergic reactions. Some individuals may experience
skin irritation or allergic dermatitis when using Aloe Vera topically, particularly in those
with sensitive skin or allergies to plants in the Liliaceae family, to which Aloe Vera be-
longs [159,161]. Such reactions can manifest as redness, itching, or rashes, necessitating
caution when applying Aloe Vera products on the skin. Ingesting Aloe Vera, particularly in
the form of supplements or juices, can also lead to gastrointestinal disturbances. Reports
indicate that consuming large quantities of Aloe Vera can cause abdominal cramps, diar-
rhea, and nausea [129,176]. The laxative effect of certain compounds in Aloe Vera, such as
anthraquinones, can be particularly pronounced, leading to dehydration and electrolyte
imbalances if consumed excessively [31,129]. Therefore, it is advisable for individuals to
adhere to recommended dosages and consult healthcare professionals before starting any
Aloe Vera supplementation, especially those with pre-existing gastrointestinal conditions.
Another significant concern is the potential for toxicity associated with Aloe Vera extracts.

Some studies have indicated that high doses of Aloe Vera can exhibit cytotoxic effects,
particularly in animal models [120,159]. For instance, research has shown that excessive
Aloe Vera consumption can lead to liver damage and other organ toxicity [171,177]. This
toxicity is often attributed to the presence of compounds like aloin, which, while beneficial
in moderate amounts, can become harmful at elevated levels [171,177]. Consequently, it is
crucial to monitor the concentration of active compounds in Aloe Vera products to mitigate
the risk of adverse effects.

Moreover, the interaction of Aloe Vera with certain medications poses another risk.
Aloe Vera may enhance or inhibit the effects of various drugs, particularly those metabo-
lized by the liver. Lastly, there are concerns regarding the quality and purity of commercial
Aloe Vera products. Contaminants and additives in poorly manufactured products can
lead to adverse reactions [158,178]. Therefore, consumers should be vigilant in selecting
high-quality, reputable brands that provide transparency regarding their product formula-
tions.

While Aloe Vera polysaccharides offer numerous health benefits, potential side effects
such as allergic reactions, gastrointestinal disturbances, toxicity, drug interactions, and
concerns regarding product quality must be carefully considered. Individuals should
approach the use of Aloe Vera with caution, particularly in high doses or when used in
conjunction with other medications.

5.3. Combined Medical Association

The therapeutic applications of Aloe Vera polysaccharides, particularly acemannan,
are enhanced when considered in conjunction with other medical treatments or dietary
components (Table 5). Understanding the interactions between Aloe Vera and various
medications or supplements is crucial for optimizing its benefits while minimizing poten-
tial risks.

One significant area of interaction involves the immunomodulatory effects of Aloe
Vera polysaccharides. Research has shown that these compounds can enhance immune
responses, which may influence the efficacy of immunosuppressive drugs used in condi-
tions such as autoimmune diseases or organ transplantation [99,141]. For instance, the
polysaccharides in Aloe Vera were reported to preserve the morphology of immunosup-
pressive cells, suggesting that their use could potentially interfere with the intended effects
of immunosuppressive therapies [99]. Therefore, patients undergoing such treatments
should consult healthcare providers before incorporating Aloe Vera into their regimen.
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Table 5. Aloe Vera combination therapies.

Aloe Vera
Combination

Therapies
In Vivo Experiments Clinical Trials Type of Cancer Mode of Action

Aloe Vera with
Radiotherapy

Aloe Vera lotion
improved skin
tolerance and

reduced dermatitis
incidence in animal

models.

Aloe Vera ointment
prevented acute

radiation-induced
proctitis in pelvic cancer

patients.

Skin cancer;
pelvic cancer

[89]

Anti-inflammatory
effects, skin healing

properties.

Aloe Vera with
Chemotherapy

Enhanced efficacy of
chemo-therapeutic
agents, reducing
tumor growth in
animal models.

Evidence of Aloe Vera’s
role in alleviating oral
mucositis in head and
neck cancer patients.

Head and neck
cancer

[179–181]
Reduction in

pro-inflammatory
cytokines, promoting

healing.

Aloe Vera extract
improved partial
response rates in

metastatic non-small cell
lung cancer patients

compared to
chemotherapy alone.

Lung cancer
[94]

Aloe Vera with
Mesenchymal Stem

Cells

Aloe Vera enhanced
the regenerative

properties of stem
cells in animal

models.

Explored Aloe Vera’s
role in enhancing bone

regeneration in patients.

Various cancers
[182]

Promotes cell
proliferation and

reduces
inflammation.

Aloe Vera with
Honey

Combined treatment
reduced tumor

growth in animal
models.

Limited trials exploring
combined means of

cancer treatment.

Various cancers
[183]

Induction of
apoptosis and

inhibition of cell
proliferation.

Moreover, Aloe Vera’s ability to modulate blood sugar levels presents both opportuni-
ties and challenges for individuals with diabetes. Studies indicate that Aloe Vera can lower
blood glucose levels, which may enhance the effects of antidiabetic medications [9,31].
While this can be beneficial for managing diabetes, it also raises concerns about the risk of
hypoglycemia if not monitored properly. Patients on antidiabetic medications should be
cautious and seek medical advice when considering Aloe Vera supplementation to avoid
adverse interactions [9].

In addition to its effects on blood sugar, Aloe Vera polysaccharides may interact with
anticoagulant medications. Some studies suggest that Aloe Vera can enhance the effects of
anticoagulants, potentially increasing the risk of bleeding [173,175]. This interaction calls
attention to the need for careful monitoring of patients taking blood thinners who wish to
use Aloe Vera products.

Furthermore, the combination of Aloe Vera with other herbal supplements can lead
to synergistic effects or enhanced therapeutic outcomes. For example, Aloe Vera has been
studied in conjunction with chamomile for its protective effects on the intestinal mucosa,
demonstrating improved outcomes in models of colitis [184]. Such combinations may
offer novel approaches to managing gastrointestinal disorders, but they also necessitate
a thorough understanding of the pharmacological profiles of each component to avoid
adverse effects.

The incorporation of Aloe Vera into functional foods and dietary supplements also
raises questions about its interactions with other food components. For instance, Aloe
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Vera’s polysaccharides can act as prebiotics, promoting the growth of beneficial gut micro-
biota [166]. This interaction can enhance overall gut health, but it may also influence the
absorption and efficacy of certain medications when taken concurrently.

Lastly, the quality and formulation of Aloe Vera products can significantly impact their
interactions with other substances. Variability in the concentration of active compounds,
such as anthraquinones, can lead to unpredictable effects when combined with other
treatments [119,185]. Therefore, it is essential for consumers to choose high-quality Aloe
Vera products and to be aware of their potential interactions with other medications or
supplements.

5.4. Comparison of Aloe Vera Polysaccharides with Synthetic Counterparts

The therapeutic potential of Aloe Vera polysaccharides, particularly acemannan, has
been increasingly recognized in biomedical applications. However, their efficacy and safety
are often compared to their synthetic counterparts, which are widely used in pharmaceutical
products and medical treatments. This subsection explores the advantages of Aloe Vera
polysaccharides compared to synthetic compounds, focusing on the reduced side effects,
as well as their biocompatibility and cost-effectiveness.

Aloe Vera polysaccharides exhibit a broad spectrum of biological activities, includ-
ing immunomodulation, anti-inflammatory effects, antimicrobial properties, and wound
healing promotion [49,51]. These properties are comparable to, or in some cases superior
to, those of synthetic compounds. For example, synthetic anti-inflammatory drugs such
as non-steroidal anti-inflammatory drugs (NSAIDs) often come with significant side ef-
fects, including gastrointestinal bleeding and renal toxicity [50]. In contrast, Aloe Vera
polysaccharides, particularly acemannan, have been shown to inhibit pro-inflammatory
cytokines like TNF-α and IL-6 without causing severe adverse effects [52]. This makes them
a safer alternative for long-term use in chronic inflammatory conditions such as arthritis
and inflammatory bowel disease.

Similarly, synthetic antimicrobial agents, such as triclosan and chlorhexidine, are
effective against a wide range of pathogens but can lead to resistance and toxicity with
prolonged use [186]. Aloe Vera polysaccharides, on the other hand, have demonstrated
significant antimicrobial activity against bacteria, viruses, and fungi without promoting
resistance [55,57]. Their natural origin and complex structure make it difficult for pathogens
to develop resistance, offering a sustainable alternative to synthetic antimicrobials.

One of the most significant advantages of Aloe Vera polysaccharides over synthetic
counterparts is their biocompatibility. Synthetic polymers and drugs often trigger immune
responses or cause tissue irritation, limiting their use in sensitive applications such as
wound healing and tissue engineering [187]. Aloe Vera polysaccharides, however, are
highly biocompatible and have been shown to promote cell proliferation and tissue regener-
ation without eliciting adverse immune reactions [45,54]. This makes them ideal for use in
biomedical scaffolds, wound dressings, and drug delivery systems where biocompatibility
is critical.

Moreover, synthetic compounds often require extensive purification and processing to
remove toxic by-products, which can increase the risk of contamination and side effects.
Aloe Vera polysaccharides, being naturally derived, are less likely to contain harmful
impurities, reducing the risk of toxicity and allergic reactions [188,189]. This is particularly
important in topical applications, where synthetic compounds can cause skin irritation or
allergic dermatitis.

The production of synthetic compounds often involves complex chemical processes,
which can be costly and environmentally damaging. In contrast, Aloe Vera polysaccharides
can be extracted using relatively simple and sustainable methods, making them more cost-
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effective and environmentally friendly [60,64]. The widespread cultivation of Aloe Vera in
various regions further reduces production costs, making it an economically viable option
for large-scale biomedical applications. Additionally, the multifunctionality of Aloe Vera
polysaccharides reduces the need for multiple synthetic drugs. For example, a single Aloe
Vera-based formulation can provide anti-inflammatory, antimicrobial, and wound-healing
effects, whereas synthetic treatments often require separate drugs for each therapeutic
goal [1,43]. This not only lowers the overall cost of treatment but also simplifies patient
care.

While synthetic compounds have played a crucial role in modern medicine, Aloe
Vera polysaccharides offer several advantages, including reduced side effects, enhanced
biocompatibility, and cost-effectiveness. Their natural origin, combined with their mul-
tifunctional properties, makes them a promising alternative to synthetic counterparts in
various biomedical applications. However, further research is needed to fully understand
their mechanisms of action and optimize their use in clinical settings.

6. Conclusions
In conclusion, Aloe Vera polysaccharides represent a promising class of bioactive

compounds with significant therapeutic potential across various biomedical applications.
This review highlights their efficacy in wound healing, anti-inflammatory responses, an-
timicrobial activity, and immunomodulation, supported by both their historical uses and
contemporary scientific research. The polysaccharides’ ability to promote tissue regener-
ation, reduce inflammation, and combat infections positions them as a valuable natural
alternative to synthetic drugs. However, their use must be carefully balanced against their
potential side effects, such as allergic reactions, gastrointestinal disturbances, and interac-
tions with other medications. Rigorous standardization, quality control, and long-term
safety studies are essential to ensure their safe and effective integration into clinical practice.

While Aloe Vera polysaccharides offer numerous therapeutic benefits, their interac-
tions with other medical treatments and dietary components require careful consideration.
Patients should engage in open discussions with healthcare providers to ensure the safe and
effective use of Aloe Vera in conjunction with other therapies, particularly in the context of
immunosuppression, diabetes management, and anticoagulation therapy.

The growing interest in natural therapeutics, coupled with the limitations of synthetic
drugs, underscores the importance of Aloe Vera polysaccharides in modern medicine.
Their biocompatibility, cost-effectiveness, and multifunctionality make them particularly
appealing for applications in wound care, tissue engineering, and drug delivery systems.
As the demand for sustainable and patient-friendly treatments increases, Aloe Vera polysac-
charides offer a promising avenue for addressing unmet medical needs.

7. Future Perspectives
The future of Aloe Vera polysaccharides in biomedical applications is bright, with

several promising research directions and clinical opportunities on the horizon. Advances
in nanotechnology, such as nanogels, electrospun scaffolds, and nanoparticle-based carriers,
could enhance the bioavailability and targeted delivery of Aloe Vera polysaccharides [45,75].
These systems may improve therapeutic outcomes by ensuring controlled release and
localized action, particularly in wound healing and cancer therapy.

Developing eco-friendly and scalable extraction techniques will be crucial to meet the
global demand for Aloe Vera polysaccharides. Innovations in green chemistry and biotech-
nology could optimize yield and purity while minimizing environmental impact [60,64].

Tailoring Aloe Vera-based formulations to individual genetic profiles or specific
pathologies could revolutionize their clinical application. Personalized therapies may
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enhance efficacy and reduce adverse effects, particularly in chronic conditions such as
diabetes, inflammatory bowel disease, and cancer [1,43].

Exploring the synergistic effects of Aloe Vera polysaccharides when used alongside
other natural compounds or synthetic drugs could unlock new therapeutic possibilities. For
example, combining Aloe Vera with chemotherapy or radiotherapy may enhance treatment
efficacy while mitigating side effects such as mucositis and skin irritation [55].

Further research is needed to elucidate the molecular mechanisms underlying the
biological activities of Aloe Vera polysaccharides. Understanding their interactions with
cellular pathways, immune responses, and microbial targets will provide a stronger foun-
dation for their clinical use.

Comprehensive studies on the long-term safety, dosage, and potential toxicity of Aloe
Vera polysaccharides are essential. Establishing standardized protocols for their extraction,
formulation, and quality control will ensure consistency and reliability in their therapeutic
applications [1,51].

The role of Aloe Vera polysaccharides in tissue engineering and regenerative medicine
holds immense promise. Their ability to promote cell proliferation, angiogenesis, and tissue
repair makes them ideal candidates for developing advanced biomaterials and scaffolds
for skin, bone, and cartilage regeneration [45,54].

In summary, while Aloe Vera polysaccharides offer immense therapeutic potential,
their successful integration into mainstream medicine will require interdisciplinary col-
laboration, innovative research, and rigorous clinical validation [55,60]. By addressing
these challenges, Aloe Vera polysaccharides could become a cornerstone of natural-based
therapies, offering safer, more effective, and sustainable solutions for a wide range of health
conditions.
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144. Kania, A.; Kałużyński, G.; Pełka, M.; Fijałkowska, J.; Ciulkiewicz, Ł. An Overview of Aloe vera Impact on the Healing Process of
Diabetic Foot Ulcer. J. Educ. Health Sport. 2024, 54, 67–82. [CrossRef]

145. Moriyama, M.; Moriyama, H.; Uda, J.; Kubo, H.; Nakajima, Y.; Goto, A.; Akaki, J.; Yoshida, I.; Matsuoka, N.; Hayakawa, T.
Beneficial Effects of the Genus Aloe on Wound Healing, Cell Proliferation, and Differentiation of Epidermal Keratinocytes. PLoS
ONE 2016, 11, e0164799. [CrossRef]

146. Pereira, R.; Mendes, A.; Bártolo, P. Evaluating the Properties of an Alginate Wound Dressing for Skin Repair. Adv. Mat. Res. 2013,
683, 141–144. [CrossRef]

147. Naseri-Nosar, M.; Farzamfar, S.; Salehi, M.; Vaez, A.; Tajerian, R.; Azami, M. Erythropoietin/Aloe vera-Releasing Wet-Electrospun
Polyvinyl Alcohol/Chitosan Sponge-like Wound Dressing: In Vitro and in Vivo Studies. J. Bioact. Compat. Polym. 2017, 33,
269–281. [CrossRef]

148. Yoshida, C.M.P.; Pacheco, M.S.; de Moraes, M.A.; Lopes, P.S.; Severino, P.; Souto, E.B.; da Silva, C.F. Effect of Chitosan and Aloe
vera Extract Concentrations on the Physicochemical Properties of Chitosan Biofilms. Polymers 2021, 13, 1187. [CrossRef]

149. Jajah, A.; Yusof, M. Fluid Intake Capacity of Aloe vera and Sea Cucumber Thin Film. Mater. Sci. Forum 2021, 1030, 35–41. [CrossRef]
150. Cuvas-Limon, R.B.; Ferreira-Santos, P.; Cruz, M.; Teixeira, J.A.; Belmares, R.; Nobre, C. Effect of Gastrointestinal Digestion on

the Bioaccessibility of Phenolic Compounds and Antioxidant Activity of Fermented Aloe vera Juices. Antioxidants 2022, 11, 2479.
[CrossRef]

151. Sangil-Monroy, M.; Serra-Majem, L.; Monroy, J.M.M.; Andrellucchi, A.O.; Sánchez-Villegas, A.; Doreste, J.; Knipschild, P. Effects
of Intake of Milk Enriched with Aloe vera on Patients with Gastrointestinal Reflux Disease. Food Nutr. Sci. 2014, 5, 936–942.
[CrossRef]

152. Mubayyina, F.; Hidayati, N.; Program, Z.M.; Kebidanan, S.; Kesehatan, F.; Nahdlatul, U.; Mataram, W. The effectiveness of red
betel leaf and Aloe vera in the treatment of perineal wounds: Literature review. Int. J. Nurs. Midwifery Sci. 2023, 7, 208–215.
[CrossRef]

153. Haghani, F.; Arabnezhad, M.R.; Mohammadi, S.; Ghaffarian-Bahraman, A. Aloe vera and Streptozotocin-Induced Diabetes
Mellitus. Rev. Bras. Farmacogn. 2022, 32, 174–187. [CrossRef] [PubMed]

https://doi.org/10.3390/polym15051312
https://doi.org/10.1007/s13197-011-0229-z
https://www.ncbi.nlm.nih.gov/pubmed/23572784
https://doi.org/10.29165/ajarcde.v5i1.59
https://doi.org/10.3329/jbau.v13i1.28729
https://doi.org/10.19045/bspab.2019.80068
https://doi.org/10.1002/jsfa.8915
https://doi.org/10.4172/2157-7110.1000295
https://doi.org/10.33084/jsm.v8i3.4523
https://doi.org/10.1111/lam.12241
https://doi.org/10.1016/j.jmrt.2021.08.138
https://doi.org/10.12691/ajfst-2-3-3
https://doi.org/10.3390/ijms19092843
https://www.ncbi.nlm.nih.gov/pubmed/30235891
https://doi.org/10.1155/2015/639806
https://www.ncbi.nlm.nih.gov/pubmed/26266047
https://doi.org/10.22159/ijap.2018v10i3.24408
https://doi.org/10.12775/JEHS.2024.54.006
https://doi.org/10.1371/journal.pone.0164799
https://doi.org/10.4028/www.scientific.net/AMR.683.141
https://doi.org/10.1177/0883911517731793
https://doi.org/10.3390/polym13081187
https://doi.org/10.4028/www.scientific.net/MSF.1030.35
https://doi.org/10.3390/antiox11122479
https://doi.org/10.4236/FNS.2014.510104
https://doi.org/10.29082/IJNMS/2023/Vol7/Iss2/478
https://doi.org/10.1007/s43450-022-00231-3
https://www.ncbi.nlm.nih.gov/pubmed/35287334


Polysaccharides 2025, 6, 36 31 of 32

154. Sadoyu, S.; Rungruang, C.; Wattanavijitkul, T.; Sawangjit, R.; Thakkinstian, A.; Chaiyakunapruk, N. Aloe vera and Health
Outcomes: An Umbrella Review of Systematic Reviews and Meta-Analyses. Phytother. Res. 2021, 35, 555–576. [CrossRef]

155. Dewi, P.S.; Hani, U.; Anwar, M. The Effectiveness of Aloe vera Gel in Reducing the Pain of Perineal Wound. Medisains 2020, 18,
99–102. [CrossRef]

156. Choudhary, M.; Kochhar, A.; Sangha, J. Hypoglycemic and Hypolipidemic Effect of Aloe vera L. in Non-Insulin Dependent
Diabetics. J. Food Sci. Technol. 2014, 51, 90–96. [CrossRef]

157. Masoumi, S.J.; Mehrabani, D.; Hassanshahi, N.; Hashemi, S.S.; Zare, M. The Healing Effect of Aloe vera Gel on Acetic Acid-Induced
Ulcerative Colitis in Rat. Middle East J. Dig. Dis. 2020, 12, 154–161. [CrossRef]

158. Jales, S.T.L.; Barbosa, R.D.M.; de Albuquerque, A.C.; Duarte, L.H.V.; da Silva, G.R.; Meirelles, L.M.A.; da Silva, T.M.S.; Alves,
A.F.; Viseras, C.; Raffin, F.N.; et al. Development and Characterization of Aloe vera Mucilaginous-Based Hydrogels for Psoriasis
Treatment. J. Compos. Sci. 2022, 6, 231. [CrossRef]

159. Chelu, M.; Musuc, A.M.; Popa, M.; Calderon Moreno, J. Aloe vera-Based Hydrogels for Wound Healing: Properties and Therapeutic
Effects. Gels 2023, 9, 539. [CrossRef]

160. Chouksey, A.; Dilliwal, H.; Agrawal, R.; Khashu, H. Efficacy of Aloe vera Gel Delivered Locally as an Adjunct to Scaling and Root
Planing in the Treatment of Chronic Periodontitis: A Pilot Study. Int. J. Oral Care Res. 2017, 5, 370–375. [CrossRef]

161. Sánchez, M.; González-Burgos, E.; Iglesias, I.; Gómez-Serranillos, M.P. Pharmacological Update Properties of Aloe vera and Its
Major Active Constituents. Molecules 2020, 25, 1324. [CrossRef]
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