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Abstract: Dermatological conditions, such as acne, photoaging, psoriasis, and wounds, have been
treated topically with all-trans retinoic acid (ATRA) for many years owing to its anti-inflammatory
activity, comedolytic effect, and ability to increase collagen production. However, common side
effects of ATRA known as the retinoid reaction can occur. These side effects are countered by ATRA
encapsulation in solid lipid nanoparticles (SLN), nanostructured lipid carriers (NLCs), and liposomes.
Liposomes used to encapsulate ATRA include niosomes, ethosomes, and transfersomes. Side effects
involving inflammatory reactions, such as irritation, redness, and erythema, were diminished using
these approaches. The use of such carriers enhanced the efficacy of ATRA by enhancing its permeation
into skin. These formulations have been compared in terms of improving the activity of ATRA and
the ability to relieve the side effects. Further research into different delivery systems for ATRA using
various formulations will improve the future of topical ATRA delivery.
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1. Introduction

Retinoids are a group of chemicals derived from vitamin A and are structurally and
functionally similar to vitamin A. Vitamin A (retinol) consists of a cyclic six-carbon ring
attached to a polyene hydrophobic tail containing four isoprene units, which forms a
head-to-tail structure, as shown in Figure 1. The conjugated carbon–carbon double bonds
in the polyene tail make retinoids light-sensitive [1,2]. Retinoids are highly fat-soluble
substances with a low molecular weight of approximately 300 Da. The term retinoids not
only refer to the natural derivatives of vitamin A but also to synthetic analogues. Examples
of natural analogues include retinol, retinal, and retinoic acid (RA), whereas synthetic
analogues include etretinate, acitretin, and tazarotene. Retinoids can be grouped into three
generations based on their properties; the first generation consists of natural retinoids,
such as retinal, tretinoin, and isotretinoin, and the second generation consists of synthetic
analogues, such as etretinate and acitretin, although etretinate is no longer widely available.
The third generation consists of a group of polyaromatic synthetic retinoids with a cyclized
polyene side chain and includes adapalene and tazarotene [3]. The cyclization of the
polyene tail leads to selective activity [4,5]. The three generations of retinoids are as shown
in Table 1. More recently developed retinoids include seletinoid G and trifarotene [6,7].
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There are several retinol-binding proteins that regulate the metabolism of retinols and
retinoic acid. These proteins act as carrier, which will activate receptors in the nucleus.
CRBP and cytosolic retinoic acid binding protein (CRABP) both have two subtypes CRBP I,
CRBP II, and CRABP I and CRABP II. Retinoids carried by carrier proteins interact with
retinoid nuclear receptors (RNRs), which consist of two groups: the retinoic acid receptors
(RARs) that recognize ATRA and 9-cis retinoic acid, and retinoid X receptors (RXRs) that
recognize 9-cis retinoic acid only. Both groups have three isotypes—α, β, and γ—and
the RAR mediates RA signalling and RXR activates other signalling pathways with other
receptors, such as liver X receptors, farnesoid X receptors, and peroxisome proliferator-
activated receptors. The binding of a ligand leads to dimerization of the RAR with RXR
forming a heterodimer that binds to the retinoic acid response element to initiate gene
transcription in the promoter region of target genes, as depicted in Figure 2 [2]. ATRA, as
the most active form of vitamin A, has been used and studied in the treatment of many
diseases. The use of ATRA to improve and treat different skin conditions and diseases
has been researched widely with multiple different formulations developed to enhance
its efficacy and reduce its toxicity. This review will describe the different dermatological
applications, actions, and the different formulations used to deliver ATRA to the skin.
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Figure 2. Illustration of the process of activation of retinoid nuclear receptors (RNRs) by all-trans
retinoic acid.

2. Retinoic Acid Application to Skin
2.1. Photodamage

Photoaged skin is characterized by fine and coarse wrinkles, roughness, dryness,
dyschromia, inelasticity, pigmentations, and telangiectasia, as depicted in Figure 3. Ultravi-
olet type B (UVB) is absorbed in the epidermis and can cause non-orderly maturation of
keratinocytes and atypia. Aging dermis with sun protection shows a decrease in all cell
types and the extracellular matrix content (collagen, elastin, glycosaminoglycan (GAG),
fibroblasts, and Langerhans cells), whereas photoaged skin has the same features but also
has enhanced effects of chronic inflammation shown by a lack of fibroblast and Langerhans
cells surrounded by inflammatory infiltrate. Glycoproteins and GAG are also increased in
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photoaged skin resulting in the inability of the GAG to regulate hydration, making the skin
dry and leathery [5].
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Photodamage by UVR can be direct through the absorption of mostly UVB, with a
small amount of ultraviolet type A (UVA), by DNA, which can cause permanent damage
to mitochondrial DNA and causes oxidative stress across the entire cell. Indirect damage
by UVR often occurs because of the production of reactive oxygen species (ROS) and free
radicals that can easily cause oxidative damage to aged skin because of the decrease in
cellular function [5]. The pathogenesis of photodamage causes negative impacts including
acanthosis, which is caused by inflammatory cytokines that increase the proliferation of
basal keratinocytes. GAG synthesis is increased, which results in GAG being deposited
in abnormal elastotic material causing the skin to become thick, coarse, leathery, and dry
because the skin is unable to bind water. Apoptosis of basal cells and keratinocytes by ROS
and UVB absorption also occurs. Moreover, UVR reduces the number of retinoid receptors,
causing a retinoid deficiency in the skin [8,9].

UVR can cause destruction of the dermal matrix protein, which is essential for the
structure and strength of the dermis. Furthermore, collagen gene expression is inhibited,
thus decreasing the synthesis of collagen [10]. Collagen depletion is caused by an increase
in production of matrix metalloproteinase (MMP), which not only degrades collagen, but
also elastin, in the epidermis and dermal matrix [11,12]. Another contributing factor to the
degradation of collagen and elastin is the production of free radicals. The inflammatory
response because of UVR exposure also causes matrix destruction by the release of inflam-
matory mediators and angiogenesis that allows inflammatory markers to escape and recruit
inflammatory cells through hyperpermeable vessels. As a result, the skin loses its elasticity
and wrinkles are formed. Dyschromia or dyspigmentation also occurs, which induces a
tanning response signal, thus increasing tyrosinase activity. Additionally, hyperplasia of
melanocytes takes place because of UVR exposure [8].

Topical retinoids can improve skin elasticity and reduce wrinkling by inhibiting the
transcription of MMP via inhibition of the binding of UV activator protein 1 (AP-1) to
DNA. Increased production of tissue inhibitor metalloproteinase (TIMP) also inhibits MMP,
thus reversing the destruction and enhancing the production of collagen and elastic fibres,
as shown in Figure 4 [8,13]. Genes related to MMP, such as collagenase, gelatinase, and
stromelysin-1, are regulatory targets of retinoids, which act as antagonists, resulting in the
suppression of the MMP genes [14]. A study on rodents found that ATRA, acting through
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RAR receptors, increased the collagen content and decreased UV-induced collagen damage
in photoaged skin. ATRA and RAR agonists increased the levels of type 1 procollagen
protein and reduced the levels of MMP-3 and MMP-13 (the MMP genes responsible for
collagenolysis in rodents). These results indicated the possibility of ATRA reducing the
levels of MMP-3 and MMP-1, which are responsible for collagen degradation in human
skin through RAR receptors. UV-induced C-jun expression, which causes inhibition of
procollagen synthesis, can also be inhibited by retinoic acid [11].
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These mechanisms lead to the accumulation of extracellular matrix, thus restoring the
skin structure along with improvements in skin elasticity, laxity, and wrinkling [11,15]. Skin
texture can also be improved by inducing epidermal hyperplasia through heparin-binding
epidermal-like growth factor activation and increase mucin deposition by an increase
in CD44 and upregulation of hyaluronate polymerizing enzymes [8,11]. The chronic
inflammatory response can be reduced because retinoids can reduce the production of
proinflammatory cytokines. Retinoids also directly inhibit tyrosinase enzymes involved in
the melanogenesis pathway, which in turn reduces the production of melanin and prevents
further pigmentation. Dyspigmentation is further reduced by decreasing melanosome
transfer to keratinocytes and increasing cell turnover, which results in the shedding of
melanin-containing keratinocytes [5,8].

2.2. Acne

Acne can occur in all age groups, but it is especially common in teenagers. Acne
can reduce patients’ quality of life along with an increased risk of anxiety and depression
because of its psychological consequences [16]. Acne can be influenced by internal factors,
such as medications, diet, and hormones, and external factors from the environment or
cosmetics [17]. Acne is a condition that occurs as a result of hair follicles being clogged with
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sebum and dead skin cells. An increase in sebum production, also known as seborrhoea,
can interfere with the skin’s natural desquamation process. Excess sebum binds dead
skin cells to the surface, preventing the cells from shedding. Excess sebum that builds up
within the sebaceous glands causes inflammation and becomes an ideal site for bacteria,
specifically Cuticubacterium acnes, to breed and cause further inflammation [17,18]. The
blockage of hair follicles by dead skin cells is caused by a process known as hyperkeratosis.
Hyperkeratosis occurs when the external layers of the skin are abnormally thickened as
a result of insufficient desquamation or shedding of dead skin cells, as well as excessive
production of new skin cells or corneocytes. These cells then block the sebaceous glands by
forming a plug [19,20]. The pathogenesis of this process is shown in Figure 5.
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Androgen hormones that are present in both men and women can also exacerbate acne
by increasing sebum production and follicular development [21]. There are two types of
acne lesions: noninflammatory and inflammatory lesions. Blackheads, or open comedones,
are noninflammatory lesions that form because of an enlargement of the follicular plug.
Whiteheads, or closed comedones, are similar except the pore remains closed. Inflammatory
lesions include papules, pustules, and nodules [20]. Papules are swollen and inflamed
closed comedones, whereas pustules are comedones that are inflamed to the point of
rupturing into the skin. Nodules are acne lesions that have ruptured into the skin and are
severely inflamed with a large, tender, and swollen appearance [19].

ATRA has been found to be one of the retinoids with the highest efficacy against acne
compared with more recently developed retinoids, such as adapalene [22,23]. Retinoids act
directly on the primary lesions, also known as microcomedones, through a comedolytic
action. Retinoids act on keratinocytes by binding to nuclear RARs, which are abundant
in human skin, especially the RAR
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[24]. This interaction allows the normalization of
desquamation through regulating the differentiation and proliferation of keratinocytes,
thus clearing the existing follicular plug and preventing new follicular plugging [20,25].
The anti-inflammatory actions take place by retinoids blocking inflammatory pathways
involving toll-like receptors, leukocyte migration, and the AP-1 pathway, which inhibits
inflammation by reducing the release of cytokines and nitric oxide [26,27]. As well as target-
ing acne, retinoids can also improve secondary acne lesions, in particular acne scarring and
pigmentation. Scarring is improved by the upregulation of procollagen genes and pigmen-
tation is reduced by the acceleration of epidermal turnover and inhibition of melanosome
transfer [27]. ATRA can be used to manage inflammatory acne, non-inflammatory acne,
and as a maintenance or preventive therapy [28].

2.3. Psoriasis

Psoriasis is an immune-mediated inflammatory disease that may present itself in
infancy, childhood, or adolescence [29]. Psoriasis is categorized into mild, moderate, and
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severe. Mild psoriasis can appear in the form of a rash; the skin becomes scaly in moderate
psoriasis and in severe psoriasis and red patches may emerge on the skin surface [30].
Retinoids may help this condition by inducing cell differentiation, inhibiting cell prolif-
eration and exerting immunomodulatory and inflammatory effects [28,31]. Retinoic acid
has been used as pre-treatment before gene transfection and was found to enhance the
efficiency of transfection. Retinoic acid acts by binding to the RAR and RXR forming a
heterodimer that binds a specific DNA sequence. This binding leads to a reduction in
the production of cytokines that play important roles in the inflammatory and immune
response involved in psoriasis pathogenesis [32]. The interleukin-1 (IL1) family has a
significant role in the immune and inflammatory processes in psoriasis and members of
the IL-1 family are overexpressed in psoriatic plaques. Retinoic acid in combination with
vitamin D has been shown to be able to suppress the excessive gene expression of the IL-1
family caused by pro-inflammatory stimuli. This combination may be able to inhibit the
pro-inflammatory effects of IL-1 cytokines [33].

2.4. Wound Healing

Wounds result from an injury that causes a break or a cut in the skin from a harsh
impact. Wounds can be classified as acute, such as cuts and burns, and chronic that
involve an underlying condition, such as a diabetic wound [34]. Wound healing occurs in
three main stages: the inflammatory, proliferative, and remodelling stages [35]. When a
wound occurs, the blood vessels constrict and blood coagulates, forming a fibrin network
to stop the bleeding, establish haemostasis, and build a barrier. The inflammatory stage
is a localized protective response to lesions that begins with the influx of leukocytes,
mainly neutrophils. The inflammatory response contributes to wound healing by the
release of antimicrobial substances, resolving the fibrin network, the clean-up of cell
debris, encouraging angiogenesis, and reepithelialisation [35,36]. However, the most
important factors in the transition from inflammation to proliferation are macrophages.
Macrophages can be classified into M1 and M2. M1 macrophages are involved in phagocytic
activity and act as proinflammatory mediators and M2 macrophages are anti-inflammatory
mediators that also produce extracellular matrix, prompt fibroblast proliferation, and
phagocytize neutrophils [36]. The proliferative stage involves wound contraction and
reepithelization, occurring with the help of fibroblasts, which proliferate into granulation
tissue, and keratinocyte migration. Finally, the remodelling stage is when wound closure
takes place and a collagenous scar is formed through granulation tissue remodelling [35,36].

Retinoic acid is able to enhance wound healing through its effect on the epidermis
and dermis of the wound [37]. The inhibiting effects of cortisone on the wound healing
process can be reversed by retinoic acid. Retinoic acid binds to and activates intranuclear
RAR, stimulating protein synthesis, which will stimulate granulation tissue, angiogenesis,
collagen production, epithelialization, and fibroplasia, as shown in Figure 6 [34,37]. A study
of retinoic acid application on acute wounds in normal and aged rat models showed that
retinoic acid increased collagen synthesis in aged rats and returned the healing process to a
normal state [37]. A study on chronic wounds using an animal model of diabetes found an
improvement in wounds treated with retinoic acid compared with the control. The wounds
showed an increase in the levels of collagen, reduced leukocyte infiltrate, and less scar
tissue [38]. Single and repeated application of tretinoin on a full-thickness acute wound on
rats showed significantly higher fibroblast cells during the proliferation phase compared
to control [39]. The ability of retinoic acid to promote wound healing extends to corneal
epithelial cells, where retinoic acid is necessary for the proliferation and differentiation of
corneal epithelial cells. Early barrier function recovery, wound size reduction, increased
glycoprotein synthesis, and mucin release are achieved with retinoic acid use [40]. Thus,
retinoic acid plays an integral part in all stages of wound healing [34].
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3. Retinoic Acid Side Effects

Retinoic acid is mostly used topically to treat acne, psoriasis, photodamage, and
wound healing. Despite its ability to treat and alleviate these conditions, retinoic acid also
has some unacceptable side effects that cause low tolerability and adherence [3]. One of
the most common and well-known side effects that occurs with most topical retinoids is
the retinoid reaction that consists of pruritus, burning sensation, scaling, xerosis, peeling,
erythema, and oedema. These dose-dependent symptoms are more common with retinoic
acid and tazarotene than other retinoids and usually appear in the early treatment stages
and gradually resolve [5,41]. This reaction occurs in up to 95% of retinoic acid users and 15%
of users stop using retinoic acid topical therapy [42]. The retinoid reaction often occurs in
patients with ‘sensitive skin’ and is characterized by feeling of tightness, stinging, burning,
tingling, pain, or pruritus [5,43]. Research findings show that retinoids are still under
prescribed as acne treatments. Retinoids are not prescribed by 41.2% of dermatologists and
67.6% of non-dermatologists, which may be because of concerns regarding side effects and
patient compliance [44].

A possible mechanism for these retinoid reactions is via cytokines in the inflammatory
pathway, mainly human monocyte chemoattractant protein-1 and human interleukin-8,
which are detected through increased levels of mRNA expression and protein secretion.
The mRNA levels were detected through protein levels in the culture supernatants of
human epidermal keratinocytes, fibroblasts, and melanocytes treated with retinol/retinoic
acid [45]. Another pathway that may contribute to the retinoid reaction is the activation of
the irritant receptor of capsaicin, which is a compound in chilli peppers that evokes pain
and inflammation. The irritant receptor of capsaicin is also known as the transient receptor
potential channel vanilloid subtype-1, which has been identified as an ionotropic receptor
for retinoids [46].

4. Type of Delivery Systems for Retinoic Acid

ATRA has been found to be effective in the management of multiple dermatologic
diseases and has been developed into various topical formulations. However, several
limitations of ATRA require further research to alleviate the adverse effects and improve its
stability while maintaining or enhancing the activity towards the target. ATRA has proven
to be effective and potent, but its lack of solubility in water imparts a challenge for its
delivery. Furthermore, ATRA is unstable in the presence of air, light, and heat [47]. When
considering the topical dosage form, retinoic acid is also limited by the skin reactions that
it causes, which include erythema, irritation, and peeling [48,49]. Hence, encapsulation
of ATRA in a colloidal carrier system is the best strategy to overcome these challenges.
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Some of the drug delivery systems used for ATRA include solid lipid nanoparticles (SLNs),
nanostructured lipid carriers (NLCs), liposomes, ethosomes, and niosomes, as illustrated
in Figure 7. The different types of formulations and its method of preparation are also
summarised in Table 2.
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4.1. Veisuclar Drug Delivery Systems

Many different drug delivery systems have been extensively explored in the past
few decades to determine the best delivery systems for different drugs to target different
diseases. Considerable attention has been given to vesicular drug delivery systems. A vesic-
ular drug delivery system is a highly ordered assembly of concentric bilayers formed in the
presence of water by self-assembling amphiphilic building blocks [59]. Liposomes are a type
of vesicular carrier that have been well studied because of their various forms. Liposomes
are spherical carriers with an internal aqueous core surrounded by drug molecules [47].
Liposomes are able to increase the efficacy and stability of drugs while reducing the toxicity
and, most importantly, enabling targeted delivery [60]. A study on ATRA encapsulated
in liposomes showed that the presence of cholesterol or a negative charge inducer had
opposite effects on ATRA release. Cholesterol significantly lowered the percentage of
ATRA released from the liposomes inducing a sustained release effect, whereas the nega-
tive charge inducer significantly increased ATRA release. Clinically, ATRA in liposomes
has shown superior efficacy against non-inflammatory lesions and less irritation potential
for erythema compared with free ATRA and a marketed product [61]. However, issues of
low solubility, leaking, and fusing of the encapsulated drug as well as the high production
cost have stimulated further research [59,62].

As a result, niosomes, ethosomes, transferosomes, and many other delivery systems
have been developed and applied to the delivery of ATRA. Niosomes are vesicular carriers
with non-ionic surfactants; ethosomes contain a high percentage of ethanol and transfer-
somes, or deformable liposomes, and use a surfactant as an edge activator to destabilize
the lipid bilayers [60,63,64]. Liposomes, hexosomes, glycerosomes, and ethosomes could
all produce vesicles with similar zeta potentials and polydispersity indices; however, the
entrapment efficiency and particle sizes were significantly better in hexosomes than in the
other formulations. In in vitro and in vivo studies, the highest skin retention in the stratum
corneum, epidermis, and dermis was observed with hexosomes and the least retention
with liposomes. Liposomes also showed some permeation through the skin, unlike the
other formulations, indicating that the other vesicular formulations were able to provide a
targeted effect in the skin layers while reducing systemic side effects because there was less
skin permeation. Hexosomes also showed superior anti-rosacea activity, whereas liposomes
were unable to suppress inflammatory cell recruitment [51].
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Table 2. Delivery systems used to encapsulate ATRA.

Form Method Results Reference

Liposome (L), ethosome (E), SLN, NLC
in hydrogel

L: thin film hydration technique; E: cold
method; SLN/NLC: microemulsion technique

SLN and NLC showed smaller particle size, lower zeta potential,
higher encapsulation efficiency, and better photoprotection

compared to vesicular carrier (L, E). Each formulation showed
better skin permeation, retention, and less irritation compared

with the marketed product. SLN and NLC had higher
permeation flux compared to L and E, while L has better skin

retention and less irritation followed by NLC then SLN.

[50]

Liposome, hexosome, glycerosome,
and ethosome Thin film dispersion-ultrasonic method

Hexosome showed superior entrapment efficiency, smaller
particle size, higher skin retention in stratum corneum,

epidermis and dermis, and better anti-rosacea activity than the
other formulations. Systemic side effect were reduced owing to

the targeted skin delivery.

[51]

Deformable liposome/penetration enhancer
vesicle (PEV) Fusion method

Formulations were developed using different ratios of soy
phosphatidylcholine and transcutol (SPC/T). Three optimized

formulation showed higher penetration and low irritation
potential compared with tretinoin cream.

[47]

Liposome and niosome Thin film hydration technique

A liposome, liposome-PEV, noisome, and niosome-PEV
formulation was prepared. Both liposome formulations have

smaller particle size, a negative zeta potential, higher
entrapment efficiency, and high skin deposition. While niosomes’
characteristics, although less than liposomes, were significantly

improved with the addition of PEV, Labrasol®.

[52]

SLN Hot melt homogenization method using
emulsification ultrasound

Formulation showed comedolytic effect and epidermal
thickening similar to the marketed ATRA formulations with the
epidermal granular layer showing higher thickening. Significant

reduction in skin irritation was achieved after encapsulation,
which can be attributed to SLN control release potential.

[23]

SLN and SLN with chitosan. Hot high-pressure homogenization method

Low loading capacity and high encapsulation efficiency of ATRA
in SLN owing to low solubilization rate in the lipid and the

lipophilicity of ATRA, respectively. SLN with chitosan is suitable
for ATRA delivery as it improved antibacterial property against
P.acnes and S.aureus while reducing cytotoxicity to keratinocytes.

[53]
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Table 2. Cont.

Form Method Results Reference

SLN in chitosan film Hot melt homogenization method

Addition of an amine, maprotiline hydrochloride, resulted in the
formation of an ion pair that enhanced the entrapment efficiency

of ATRA in SLN. ATRA-SLN provided controlled release,
showed improvement in wound healing, and reduced

skin irritation.

[38]

SLN and NLC with different drug amount, oil
amount, and oil type Ultrasonication method

All formulations showed high encapsulation efficiency. NLCs
showed best permeation with a high drug amount, solid/liquid
lipid ratio 2:1, and oleic acid use. Formulation wise, SLN has the

best permeation followed by NLC and suspension.

[54]

SLN, NLC, and Nano emulsion (NE) De-novo emulsification method

All formulations had acceptable characteristics. Highest
permeation was obtained with SLN followed by NLC, NE, and
finally suspension. Permeation of ATRA was improved with the

addition of terpene as permeation enhancer.

[55]

NLC Hot melt microemulsion method and hot melt
probe sonication method

ATRA in NLC showed high entrapment efficiency with addition
of cholesterol, has great potential for sustained release, and

reduced irritation potential on the skin.
[56]

NLC Thin lipid-film based microwave-assisted
rapid technique (MART)

The method developed produced NLC at a shorter duration,
with a cleaner and greener process. ATRA in NLC produced has

desirable physical features, retains in the skin at a high
percentage, and does not enter the blood stream. It has sustained

and controlled release with a reduction in skin irritation.

[57]

NLC Hot high pressure homogenization method

ATRA was encapsulated in NLC and sunscreen was
incorporated into the formulation. Photostability of ATRA was
improved with encapsulation with NLC and further improved
with addition of sunscreen, leading to reduce photosensitivity

and skin irritation.

[58]
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When liposomes were compared to niosomes in penetration enhancer containing
vesicles (PEVs), niosomes were found to have similar properties and performance to
liposomes in terms of drug incorporation and ATRA skin delivery when the penetration
enhancer Labrasol® was added. Liposome, liposome-PEV, noisome, and niosome-PEV
formulations were prepared using Labrasol® as the penetration enhancer in the PEV
formulation. Both liposome formulations had a smaller particle size, a more negative zeta
potential, and higher entrapment efficiency compared with the niosome formulations. The
niosome characteristics were significantly improved with the addition of Labrasol®. None
of the formulations permeated through the skin, instead ATRA accumulated in the skin
with the liposomes showing the highest skin drug deposition. Niosomes had the lowest
drug deposition, but this was significantly improved by the addition of Labrasol® [52].

ATRA encapsulated in deformable liposomes was also studied through a full factorial
design with nine formulations using different ratios of soy phosphatidylcholine (SPC) and
transcutol. Higher levels of SPC showed better encapsulation efficiency and slower drug
release to a certain extent, whereas a high amount of transcutol had the opposite effect.
A drug release study showed an initial burst and then reduced release of ATRA, except
for formulation seven (SPC/transcutol = 25:5). Optimized formulations were prepared
with ratios of SPC/transcutol of 15.5:14.5, 24:7, and 25:5. The levels of penetration of the
optimized formulations were all higher than that of tretinoin cream, with the 15.5:14.5
formulation having the highest penetration as the optimized amount of transcutol acted
as a solubilizer. The PEVs had low irritation compared with tretinoin cream in an in vivo
skin irritation study [47]. Formulation in liposomes also improved the characteristics of
ATRA, and good permeation through the skin was observed because of the nature of the
liposomes. In an advanced version of the formulation, the properties were improved
with better permeation as observed with hexosomes. Liposomes have the flexibility to be
adjusted and modified to suit different goals in disease management.

4.2. Lipid Nanoparticles

The use of lipid nanoparticles is an advanced alternative to traditional colloidal car-
rier systems suitable for lipophilic drug delivery, such as emulsions. With the benefits
of colloidal carriers but with fewer shortcomings, lipid nanoparticles can encapsulate
both hydrophilic and lipophilic drugs equally well. Lipid nanoparticles can be catego-
rized into four types: SLNs, NLCs, lipid drug conjugates, and polymer lipid hybrid
nanoparticles [65,66]. The lipid matrix of SLNs consists of solid lipids with a melting point
above 40 ◦C, ensuring that the matrix remains solid at normal room and body tempera-
tures [54,67]. SLNs have the advantages of reduced toxicity, increased loading capacity,
controlled release, enhanced stability, biodegradability, and ease of upscaling to an indus-
trial scale because of the low cost and organic-solvent-free process [23,38,49]. SLNs also
have a large surface area to enable better penetration through the skin and to release the
active molecules in a controlled manner [55].

A formulation of ATRA loaded into SLNs showed improvements in the ATRA proper-
ties and activity. The efficacy of SLNs loaded with ATRA was assessed based on the desired
use. For a topical acne formulation, a rhino mouse model was used to compare a com-
mercial formulation with SLNs loaded with ATRA. In this model, the encapsulated ATRA
produced a comedolytic effect and caused epidermal proliferation similar to marketed
products and the epidermal granular layer showed greater thickening compared with the
commercial formulations. Furthermore, the study showed a significant reduction in skin
irritation because of the gradual distribution of ATRA in the skin through the sustained
delivery [23,38]. The effects of ATRA on chronic wound healing were assessed using a
diabetic mouse model. Wound healing was improved via a reduction in macrophages
and neutrophil infiltration. Collagen deposition was also increased, specifically type III
collagen, which is associated with healing with reduced scar tissue. ATRA-SLN improved
the wound healing without any detrimental effects although applied directly to the wound
bed [38]. A study found that ATRA had a low loading capacity in SLNs because of a low
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solubilization rate in the lipid but had high encapsulation efficiency, which was attributed
to the lipophilicity of ATRA. The addition of chitosan to the formulation resulted in less
cytotoxicity towards keratinocytes and better antibacterial properties against C. acnes and
Staphylococcus aureus, making chitosan a good candidate for ATRA delivery [53].

The encapsulation efficiency of SLNs for ATRA is, however, quite low. The encapsula-
tion efficiency could be improved by forming an ion pair between ATRA and a lipophilic
amine, such as maprotiline or benethamine [38,49]. The use of the ion pair improved the en-
capsulation efficiency and enhanced the particle size and zeta potential of the particles [38].
To investigate further improvements in the permeation, limonene, a terpene, was added as
a skin permeation enhancer, which improved the solubility of ATRA, thus also increasing
the drug loading capacity. As a skin penetration enhancer, limonene improved the ATRA
skin permeation by increasing the ATRA solubility within the skin and its partitioning into
the skin [55]. SLNs have been shown to be beneficial for the encapsulation of ATRA, not
only by improving its efficacy in managing different skin issues, but also in alleviating
unwanted side effects. Some problems that occurred because of the chemical properties of
ATRA were resolved by adding an ingredient that could act synergistically with ATRA.

NLCs are composed of a mixture of both a solid and a liquid lipid matrix, with a
lower melting point compared with SLNs, but still maintain a solid state at room and body
temperature. The development of NLCs was aimed to overcome the limitations observed
with the lipid matrix of SLNs. With the addition of a liquid lipid that has varied density
in the fatty acid chain, a less ordered structure in the lipid matrix is produced, enabling a
much greater drug loading capacity. This less ordered structure in the solid lipid matrix
also means the carrier system is more thermodynamically stable [48,56,67]. A formulation
of ATRA loaded in NLCs for topical application had high entrapment efficiency, especially
with the addition of cholesterol. The use of a sonication method produced NLCs with a
smaller particle size and polydispersity index. ATRA loaded in NLCs showed a reduction
in the initial drug release and a sustained release effect in studies using Franz cells. Skin
irritancy tests for ATRA in NLCs indicated there was no irritation or erythema after 7 days
of application, which was in contrast to a marketed formulation. The stability was also
improved as there are no changes in the particle size and no significant drug loss, after
4 weeks [56].

The effects of different factors, such as the drug amount, type of lipid, and solid to
liquid lipid ratio of the NLCs have been investigated and the best NLC formulation was
compared with SLN and suspension formulations. All of the formulations showed an
encapsulation efficiency above 95%, but oils with less solubility towards ATRA, such as
soybean oil, resulted in slightly less encapsulation. All NLC formulations showed a faster
and greater cumulative drug release than SLN formulations. A high amount of medium
chain triglycerides (MCTs) resulted in the slowest release rate, but MCTs in general showed
better release rates than oleic acid, linoleic acid, or soybean oil. Among the NLCs, the
permeation was greatest with a high drug amount, a solid/liquid lipid ratio of 2:1, and
with oleic acid because of its superior permeation enhancing properties. Formulations with
SLNs had the best permeation, followed by NLC and suspension formulations [54].

In a study of SLN, NLC, and nano-emulsion (NE) formulations, all of the formulations
had acceptable characteristics, with the NE having the least desirable characteristics in
terms of size, yield, and ATRA content. The permeation of ATRA was improved by the
addition of a terpene, especially with limonene in comparison with 1,8-cineole, used at
a high percentage. The highest permeation was obtained with SLN, followed by NLC,
NE, and suspension formulations because of the better occlusion effect provided by the
solid lipid [55]. For the encapsulation of retinoic acid with NLCs, the same ion pairing
method used for SLNs has been used to improve the encapsulation efficiency of ATRA.
A study used benethamine as the lipophilic amine to pair with ATRA, which resulted in
higher encapsulation as the lipophilic properties of ATRA were enhanced by benethamine
enabling better incorporation of ATRA into the lipid matrix [48]. When tested for anti-
psoriatic activity, ATRA in NLCs and liposomes showed enhanced orthokeratosis, which
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indicated better anti-psoriatic activity compared with marketed gel products and SLN and
ethosome formulations [50]. Improvements in the properties of ATRA were also obtained
using NLCs; however, when compared with SLNs, NLCs were inferior in terms of the
permeation and controlled drug release but could be superior in terms of efficacy.

5. Conclusions

All trans-retinoic acid has a profound role in the treatment and cure of multiple
dermatological such as acne, psoriasis, photoaging, and wound healing. Being the most
activated retinoid that mediates many cellular functions, ATRA acts through retinoid
nuclear receptors that lead to gene transcription and expression. Given its ample benefits,
different delivery systems are continuously being researched in order to improve the
efficacy of ATRA to manage the targeted disease. Different novel delivery systems have
shown many superior traits in comparison with traditional tretinoin formulation in the
market. The efficacy and properties of ATRA improves with the use of these carriers.
Unwanted side effects have also been tremendously reduced through encapsulation and
the controlled release contributed by these carriers. The importance and advantages
of each delivery system may differ from one another, yet it can all be beneficial to a
certain condition.
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