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ABSTRACT 
Benzoyl peroxide is an important treatment for acne because it is very good at killing bacteria removing dead skin cells 
and reducing inflammation. However, its clinical utility is limited by poor aqueous stability and a short half-life in hydrous 
environments. Benzoyl peroxide breaks down quickly when it is exposed to moisture, heat and light which makes it less 
effective and reduces its shelf life. These problems mean that we need to find ways to deliver benzoyl peroxide to the skin. 
This review looks at using gel systems that do not contain water as a way to solve these problems. Lack of water in these 
gel systems increase the shelf life of benzoyl peroxide and product. These systems improved the penetration of drug into 
the skin and gradual release improved its efficiency. This review focus on the methods to use different oils like isopropyl 
myristate, with some additives like silicon dioxide to restrict the breakdown of benzoyl peroxide. The other challenges 
associated with this formulation include compatibility of benzoyl peroxide with other ingredients and scale-up the 
manufacturing process. The formulation of these gels, incorporating oils such as isopropyl myristate, auxiliary agents like 
silicon dioxide, and stabilizers that prevent the degradation of the medicine. Some new ideas, like using sponge-like 
systems combining different delivery methods and tailored the product according to the patient requirement for target 
delivery and to reduce irritation associated with it. Overall non-aqueous gel systems of benzoyl peroxide work better, last 
longer and be gentler on the skin when treating acne. Benzoyl peroxide is a useful treatment, for acne and these gel systems 
can help make it even better. 
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1. INTRODUCTION 
Acne vulgaris is likely the most prevalent skin condition, 
defined by the inflammation of pilosebaceous glands. Due 
to its widespread occurrence, it is frequently classified as a 
physiological condition. Acne vulgaris is known to affect 
85% of young people aged 12 to 24. Furthermore, 8% of 
adults between 25 to 34 and 3% between 35 to 44 also 
experience acne [1]. The severity of the disease can range 
from a papule to cystonodular acne. Disease management 
considers the severity of the condition alongside patient-
specific factors such as age, skin type, lifestyle, and 
menstrual regularity. 

Benzoyl peroxide (BPO) is among the most commonly 
prescribed medications for treating acne. It is an 
antibacterial agent that releases free radical oxygen species 
capable of oxidizing bacterial proteins [2]. Furthermore, it 
also exhibits a mild keratolytic effect. It is commonly 
available as a cream or gel, either by itself or combined with 
other medications. However, the drug is known to cause 
significant skin dryness and irritation, which can sometimes 
stop the treatment. In 2010, Steve Feldman and Diana Chen 
carried out an online survey to examine how dryness and 
irritation from acne treatments affect patient behaviors [3]. 
A total of 200 subjects participated in the survey using a 
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commercially available fixed combination product 
containing 5% clindamycin and benzoyl peroxide [4]. 
Approximately 55% of subjects reported being extremely 
bothered by dry, flaky skin, while 44% experienced 
irritation, and 39% and 37% reported itching and redness, 
respectively. Additionally, reports indicated that 33% of 
subjects failed to use the product optimally, less than 32% 
recommended, 32% discontinued use intermittently, 10% 
stopped using it entirely, and 41% applied moisturizers to 
alleviate dryness and redness [4]. 
Aqueous BPO formulations have some limitations that it 

degrades in water [5]. Moisture, heat, and light can degrade, 
making it less effective. These formulations can also irritate 
the skin since the drug is released quickly. Non-aqueous gels 
avoid these problems by leaving out water, which helps keep 
the drug stable and extends its shelf life [6]. They controlled 
released rate and tend to cause less irritation. Solvent like 
isopropyl myristate can improve the stability and 
penetration of drug [7]. 
 
2. BENZOYL PEROXIDE  

 
Fig.1: Structure of Benzoyl Peroxide 

 
Benzoyl peroxide (Fig. 1) is a potent oxidizing agent 
originally derived from chlorhydroxyquinolin, a byproduct 
of coal tar [8]. It is white, crystalline aggregates, soluble in 
organic solvents but insoluble in water. The compound 
exhibits high lipophilicity and, as a result, can easily 
penetrate the stratum corneum and reach a pilosebaceous 
follicle. At the beginning of the 20th century, BPO was first 
naturally used as a whitening agent in the flour industry and 
as a nontoxic revolutionary catalyst in the plastics industry 
[9]. The use of BPO in healthcare was first reported in 1929 
when Lyon and Reynolds revealed its effectiveness in 
treating burns, wounds, and varicose leg ulcers [8]. 
Although it was recognized in 1934 to have potential 
benefits for acne vulgaris, the use of BPO for treating acne 
vulgaris was not investigated until the 1960s. At present, 
BPO is primarily used for treating mild to moderate acne 
and can also be used alongside oral antibiotics and/or 
retinoids for severe acne cases. 

Pharmacodynamics: 
Benzoyl peroxide has antibacterial, anti-inflammatory 
properties, keratolytic, and wound-repair effects [10]. It acts 
as antibacterial by creating an extremely reactive oxygen 
species that oxidize proteins within bacteria cellular 
membranes. BPO serves as a strong antimicrobial agent that 
is harmful to both bacterial organisms and yeasts. An 
examination Cove and Holland investigated the impact of 
BPO on the survival graphs of various prevalent skin 
microbes [11]. BPO was harmful to the bacteria P. acnes, 
Propionibacterium, capitis, Propionibacterium avidum, 

Propionibacterium granulosum sum, Staphylococcus 
epidermidis and Staphylococcus hominis, as along with the 
yeast Pityrosporum ovale [2]. Benzoyl peroxide is thought 
to be effective in the management of acne due to its anti-
inflammatory properties. The released reactive oxygen 
species eliminate P. acnes but might also cause damage to 
the nearby host cells. Hegemann et al. state that BPO 
prevents the release of reactive oxygen species (ROS) 
produced by human polymorphonuclear reduce leukocytes 
(PMNL) in a dose-responsive manner [8]. This research 
demonstrated that the inhibition results from BPO-triggered 
cytotoxic effects of PMNLs. Due to this harmful impact on 
neutrophils in pilosebaceous follicles, BPO inhibits the 
discharge of signals that promote inflammation. In this 
context, the BPO could indirectly inhibit tissue 
inflammation. Benzoyl peroxide is a potent comedolytic and 
keratolysing agent. In experimental models, BPO diminish 
the size of comedones upto 50%. Moreover, a 5% BPO 
concentration has been shown to enhance sebum production 
[12]. Excretion rate by 22.5%, which is linked to an 
enhancement improvement in the severity of acne lesions. 
This process leads to decrease in the blockage of non-
inflamed pilosebaceous channels. In 2006, Waller et al. 
compared the keratolytic efficacy of 2% BPO with retinoic 
acid 0.05% (RA) and salicylic acid 2% (SA) [13]. BPO was 
significantly more effective than RA or SA at disrupting 
cohesion in the stratum corneum at 3 h. However, by 6 h, all 
three agents yielded similar keratolysis [14]. These results 
demonstrate the keratolytic properties of BPO. However, 
topical retinoids have a slower onset of action, and further 
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research is required to make an accurate comparison. 

Pharmacokinetics 
Benzoyl peroxide is very lipophilic and infiltrates the 
stratum corneum to access a pilosebaceous follicle [15]. The 
BPO is quickly broken down into benzoic acid and 
hydrogen peroxide, producing oxidative free radicals. The 
extent of skin penetration by BPO depends on its 
concentration. Nacht et al. carried out an in vitro 
investigation conducted on removed human skin and 
discovered that about 4.5% of a topical application of 10% 
BPO permeated the stratum corneum after 8 hours and the 
other 95.5% stayed the same on the outer layer of the skin 
[16]. Research on primates demonstrated that benzoic acid 
enters into the bloodstream experiences swift renal 
clearance and is not considered to be metabolized by the 
liver. 

Safety and tolerability 
The most frequent side effects of BPO include skin irritation 
and discoloration of fabrics [17]. Benzoyl peroxide may 
lead to irritant dermatitis that is dependent on concentration, 
resulting in redness, scaling, and itching. In a double-blind, 
randomized study, 153 participants with mild to moderately 
severe facial acne vulgaris received treatment with a control 
gel or formulations containing 2.5, 5, or 10% BPO [18]. The 
2.5% BPO was much better tolerated compared to the 10% 
formulation, since patients using the 10% concentration 
experienced more frequent and severe burning, erythema, 
and peeling [19]. There was no statistical difference in 
tolerability between the 2.5% and 5% formulations. 
Certain research indicates that these negative effects 
diminish after several days of ongoing use. A prospective 
study involving 445 acne patients analyzed the side effects 
of BPO treatment administered twice daily for a duration of 
12 months [20]. The patients were given an oral antibiotic 
(tetracycline, erythromycin, or co-trimoxazole) as well. 
Erythema and scaling were observed in 14.2% and 24.1% 
of patients at 2 months, respectively [21]. Through ongoing 
treatment, the occurrence of these side effects notably 
reduced, with erythema and scaling noted in only 4.2% and 
6.1% of patients after 6 months, respectively [22]. 
Therefore, it is essential to offer patients guidance and 
details regarding these side effects to promote the ongoing 
use of the therapy. 
Due to its oxidizing characteristics, BPO has the ability to 
lighten hair, textiles, and other colored materials it 
encounters. In uncommon cases, BPO may result in allergic 
contact dermatitis, with an occurrence rate of about 1 in 500 
[23]. To minimize specific side effects, patients ought to 
choose BPO formulations that are most suitable for their 
skin type. Benzoyl peroxide comes in forms such as gels, 
aquagels, creams, and lotions. 
Individuals with oily skin are recommended to utilize gels, 
cleansers, or solutions that produce a drying effect on the 
skin [24]. On the other hand, individuals with dry or 
sensitive skin might favor a cream product. Vehicles that are 
water-based generally cause much less skin irritation 
compared to those that are alcohol-based. Nonetheless, 

water and other evaporative solvents found in conventional 
formulations can dissipate, resulting in a residue of BPO 
particles that could irritate the skin [25]. To prevent 
irritation from particle remnants, a hydrophase base (such 
as brevoxyl creamy washes and gels) can be utilized. The 
hydrophase base includes dimethyl isosorbide to aid in 
dissolving BPO crystals. Other devices like the 
microparticle delivery system or microsponge can also aid 
in minimizing irritation from BPO [26]. 
The microsponge enables a slow release and reduced skin 
absorption of the BPO while keeping the drug concentration 
at a therapeutic level for several hours. After more than 35 
years of safe and effective application, BPO may be the 
most widely used topical solution for acne [27]. Even with 
the development of effective antibiotic and retinoid 
treatments, the usage of this medication has recently risen. 
The increasing acknowledgment of BPO's bactericidal, anti-
inflammatory, and anticomedolytic properties seems to be 
the reason for this resurgence. Most importantly, bacterial 
resistance to BPO has not been documented thus far and is 
improbable, unlike other antibacterial agents [28]. Due to its 
ability to reduce the risk of resistance and its effectiveness 
against both sensitive and resistant strains of acnes, the 
inclusion of BPO is generally recognized as essential for 
antibiotic acne treatment. The tolerance of BPO 
monotherapy and its combinations has greatly enhanced due 
to new vehicles, although early BPO formulations were 
somewhat hindered by irritation [29]. Tolerability is 
enhanced by incorporating emollient dimethicone and 
excipients like urea and glycerin into the formulation. 
Recent intriguing research suggests that combining BPO 
with antibiotics or other drugs containing tertiary amines 
may enhance the generation of free radicals, which is 
believed to be the mechanism behind BPO's bactericidal 
effect [30]. Methods such as this to boost BPO activity may 
ultimately result in a notable reduction in the necessity for 
antibiotics to address acne. 

Stability Issues with BPO 
BPO has stability problems but it does help with treatments. 
From a chemistry point of view BPO is really quite unstable 
[31]. It breaks down easily when exposed to things like heat, 
light or other oxidizing agents around it. That makes sense 
because BPO is an oxidizer itself. So, it could react with 
ingredients in the mix, which might change how well it 
works or how long it lasts. The stability of BPO can be 
increased by modifying additives and packaging carefully 
[32]. Storage conditions are also really important. As the 
stability issues can impact its use in therapies. This affects 
BPO efficacy and duration. Proper excipients and packaging 
are crucial for BPO stability. BPO storage conditions are 
significant. Inadequate storage causes BPO to deteriorate 
quickly. BPO requires handling to maintain its 
effectiveness. BPO is sensitive to heat, light and oxidizing 
agents. These factors impact BPO stability and performance 
[33]. 

3. NON-AQUEOUS GEL SYSTEMS  
Non-aqueous gel systems are like solid mixtures in which 
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the main part is made up of non-aqueous solvents instead of 
water [34]. These non-aqueous gel systems are made up of 
networks that are formed by oils and other non-aqueous 
solvents (Table 1). Non-aqueous gel systems are really good 
for medicines that break down in water like benzoyl 
peroxide [35]. In non-aqueous gel systems, the stability of 
medicine is for longer duration. They are easy to apply. 

Their good spreadability is beneficial for patient use, 
enhancing comfort and convenience. To ensure that the 
medication is released correctly and the non-aqueous gel 
system remains stable, the manufacturers of aqueous gel 
systems carefully select the components. This makes non-
aqueous gel systems very good for putting medicine on the 
skin and, for drug delivery systems [36]. 

 
Table 1: Comparison of aqueous and non-aqueous gel 

Parameter Aqueous Gel Non-Aqueous Gel References 
Stability of BPO  Poor (hydrolysis, oxidation) High (absence of water) [37,38] 
Moisture sensitivity  High Minimal [38,39] 
Skin irritation Higher (burst release) Reduced (controlled release) [40,41] 
Drug release  Rapid Controlled/sustained [41,42] 
Shelf life  Limited Extended [38,42] 
Penetration Moderate Enhanced (lipophilic vehicles) [43,44] 

Types 
Non-aqueous gel systems can be divided into two types: 
organogels and oleogels [45] on the basis of type of liquid 
and the structuring agents used. Organogels are like -solid 
mixtures where an organic liquid is trapped in a network. 
This network is made up of small molecules or polymers 
and solvents like alcohols or glycols. They can change back 
to their original state when they are heated or cooled [46]. 
They can entrapped different types of drugs. Oleogels are a 
type of organogel. They are made with special oils that are 
safe to eat or use as medicine. These oils are structured using 
things like waxes or fatty acids. Oleogels are very good for 
putting on the skin or using in cosmetics because they are 
not harmful and are safe for the body [47]. 
Both organogels and oleogels can entrapped drugs in and 
control their release rate. They can be soft or hard on the 
basis of medicine to work well. This makes them very useful 
to entrap different types of medicines. 

Advantages 
The benefits of non-aqueous gel systems are quite 
significant. They make drugs more stable get through the 
skin and cause less irritation. Lack of aqueous solvent 
makes them perfect for moisture sensitive drugs. The oily 
parts in these gels also help drugs move through the skin 
easily [48]. They do this by mixing with the skins oils and 
changing how they are arranged. This helps get more of the 
drug into the body when it is applied to the skin. Non-
aqueous gels are also less likely to irritate the skin compared 
to types of gels or liquids [6]. This is because they can be 
made with solvents that do not dry out the skin. They also 
help keep the skin hydrated which helps the drug work. All 
these good things make non-aqueous gel systems a great 
option for making drugs. They are especially useful for 
drugs that are applied to the skin and for keeping drugs 
stable. Non-aqueous gel systems really help with drug 
stability and skin penetration [49]. They target the drug at 

desired site. Non-aqueous gel is a good choice for many 
types of drugs. They help make drugs work better and feel 
better on the skin. The benefits of -aqueous gel systems 
make them very useful. They are an area of research, in 
making new drugs. 

4. FORMULATION STRATEGIES  
Formulation strategies for non-aqueous gel systems are 
carefully designed to improve drug stability, solubility and 
skin delivery. This is especially important for drugs that're 
sensitive to moisture or prone to oxidation [50]. The choice 
of solvent is key to making these formulations work. 
Solvents like isopropyl myristate, medium-chain 
triglycerides and polyethylene glycol derivatives are often 
used [51]. They effectively solubilize hydrophobic drugs 
and help these drugs get through the skin. Isopropyl 
myristate is particularly useful. It acts as both a solvent and 
a penetration enhancer. This means it helps the drug get into 
the skin by breaking down the lipid layers. The absence of 
water in these systems aids in keeping the medication from 
degrading. This is important for drugs like benzoyl 
peroxide. The absence of water reduces the risk of 
degradation. This makes non-aqueous gel systems a good 
option for these types of drugs [6]. The stability of drugs 
like benzoyl peroxide and retinoids is enhanced in non-
aqueous gel systems. Non-aqueous gel systems help to keep 
drugs stable. They are especially useful for moisture- 
oxidation-prone active pharmaceutical ingredients. The use 
of solvents in non-aqueous gel systems is beneficial [35]. 
Lipophilic solvents improve the solubility and delivery of 
drugs. Isopropyl myristate and other lipophilic solvents play 
a role. They facilitate drug partitioning into the stratum 
corneum [52]. The effectiveness of -aqueous gel systems 
depend on the solvent used. The right solvent can make a 
difference in drug delivery.  
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Fig. 2: Schematic representation of a three-dimensional cross-linked polymer network forming a gel matrix, 

entrapping the solvent and drug molecules. 
 
The choice of a gelling agent is very important. This is 
because gelling agent helps to give the aqueous medium a 
stable and semi-solid form [53]. One of the commonly used 
gelling agents in non-aqueous formulations is Colloidal 
silicon dioxide, also known as Aerosil. Aerosil works by 
creating a network by hydrogen bonding and van der Waals 
interactions that holds everything together which helps to 
keep the part from moving around [54]. This enhances 
topical application by improving spreadability. The 
formulation maintains structural integrity under static 
conditions. The concentration of Aerosil is critical; 
excessive amounts result in high viscosity.  
Making sure that non-aqueous gels are stable is also very 
important for drugs that can break down easily when they 
are exposed to oxygen. To prevent this from happening 
people often add something called butylated 
hydroxytoluene or BHT to the gel [55]. BHT is an 
antioxidant that helps to stop drugs from breaking down. It 
does this by getting rid of the things that can make the drug 
break down. In addition to using antioxidants like BHT 
people may also use things like chelating agents and special 
packaging that protects the gel from light [56]. This helps to 
keep the gel stable and makes sure that it works properly. It 
is very important to make sure that the things added to the 
gel are compatible with the drug and the other ingredients 
in the gel otherwise they could interfere in drug works or 
even make it unsafe to use. The concentration of Aerosil and 
the type of stabilizers used must be selected carefully to 
ensure that the non-aqueous gel is stable and effective [6]. 

Stability and right consistency of non-aqueous gels are very 
useful for applications, such as skin creams and ointments. 
Aerosil improves the texture and consistency of products 
[57].  
When incorporating a medication into a non-aqueous gel, 
meticulous attention is required. It is imperative to ensure 
the medicine is uniformly distributed to optimize its 
efficacy. Usually start by mixing the drug with a liquid that 
helps it dissolve [58]. To help the medication blend in, heat 
or gently stir can be applied. Other techniques can be used 
to assist the medicine disperse uniformly if it refuses to 
disintegrate. Next, gently add the medicine combination to 
the gel, making sure that every ingredient is well mixed. 
There is no trapped air. High frequency sound waves or 
specialized devices that combine medications quickly can 
be used for some difficult-to-mix pharmaceuticals. This 
improves the drug's absorption and effectiveness. 
The problem lies in the difficulty of creating these unique 
gels. It is necessary to be very attentive while choosing the 
liquid, making the gel, and giving the medication. For 
components to interact in a synergistic way, a rigorous 
scientific approach is necessary. In this manner, a gel that is 
robust, effective, and simple for individuals to apply to their 
skin can be created. 

5. CHALLENGES AND LIMITATIONS 
The non-aqueous gel systems have a lot of benefits when it 
comes to making benzoyl peroxide (BPO) more stable and 
effective [6]. However, a few issues prevent them from 
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being produced on a big scale and used more extensively. 
One of the problems is that BPO is a potent oxidant, making 
it unstable and prone to disintegration even in the absence 
of water. Additionally, BPO may react other formulation 
constituents, reduce its effectiveness and perhaps make it 
dangerous [17]. So, it is really important to make sure that 
the other ingredients in the formulation are compatible with 
BPO especially when you are using things like antioxidants, 
penetration enhancers and structuring agents together [59]. 
These formulations can be quite complex and challenging 
to produce on a large scale, which is another major issue. 
For non-aqueous gels to have the necessary texture and 
effectively transport the medication, the proper combination 
of solvents, gelling agents, and stabilizers is required [60]. 
Modifying the ingredients slightly can influence the 
viscosity of the gel, its spreadability, and the efficacy of 
drug delivery.  Also making these systems on a scale can be 
tricky because it can be hard to make them exactly the same 
each time and the special ingredients can be expensive.  
Non-aqueous systems are better for your skin than 
formulations because they are less irritating but they can 
still cause some skin problems because they use solvents 
and penetration enhancers that can be harsh on the skin [7]. 
There are also concerns about whether these systems are 
safe, in the long term and whether patients will like using 
them. In order to address these issues, It is necessary to 
develop strategies for creating these formulations, assess 
their stability, and ensure that they satisfy patient needs. It 
is essential that we take into account the potential of non-
aqueous gel systems and benzoyl peroxide and develop 
methods to maximize their functionality for all users [6]. 

6. FUTURE PERSPECTIVES 
Future studies on benzoyl peroxide gel systems should 
concentrate on increasing the drug's stability, lowering skin 
irritation, and improving its effectiveness. Developing gel 
systems that can hold more of the medication and extend its 
duration is one approach to do this. The gel's performance 
can also be enhanced by adding antioxidants and additives 
along with unique solvents like isopropyl myristate. 
Combining gel systems with delivery techniques to assist 
the medication be given gradually and penetrate deeper into 
the skin is one of the novel concepts. 
Benzoyl peroxide gel systems need to be designed with 
patients in mind making them more comfortable and easier 
to use which can help people use them for a time to manage 
acne. The goal is to make Benzoyl peroxide gel systems 
more effective for long-term acne treatment by focusing on 
needs. Additionally, we should investigate the possibility of 
combining methods to achieve superior results, such as 
Benzoyl peroxide gel systems. Improving Benzoyl peroxide 
gel systems will require testing ideas and technologies to see 
what works best. 

7. CONCLUSION  
In conclusion, benzoyl peroxide can be administered using 
non-aqueous gel systems. They make sense and function 
well. This review demonstrates how important it is to select 
the stabilizers, gelling agents, and solvents. This facilitates 

the release of the benzoyl peroxide and gives it optimum 
texture. Non aqueous gel of benzoyl peroxide improved its 
efficacy and stability. Non-aqueous gel systems also help 
the benzoyl peroxide get into the skin better. They make it 
easier for patients to utilize them by reducing inflammation. 
These systems can be adjusted easily with other 
sophisticated methods. They are a means of administering 
medication through the skin. Benzoyl peroxide formulations 
are improved by non-aqueous gel systems. They can 
contribute to more dependable and patient-friendly acne 
treatments. All things considered, they have great potential 
to manage acne. Benzoyl peroxide's effectiveness may vary 
depending on non-aqueous gel systems. Patients can benefit 
from them and feel more at ease. Benzoyl peroxide and non-
aqueous gel systems can be combined to improve acne 
treatment. They provide benzoyl peroxide in an enhanced 
manner. Non-aqueous gel systems are an option, for 
delivering benzoyl peroxide. They have the potential to 
enhance the efficacy and user-friendliness of treatments. 
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