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ABSTRACT: Quantification of active components in dermatological formulations, especially, 

Hydroquinone, Tretinoin and Salicylic Acid is also an important element of pharmaceutical quality 

control. These two ingredients are usually used together to treat skin diseases including 

hyperpigmentation, acne, and psoriasis because of the complementary properties. This review will 

examine the current developments in the Reverse Phase High-Performance Liquid Chromatography 

(RP-HPLC) methods of simultaneous analysis of the three actives. The main aspects to be focused on 

are column choice, mobile phase optimization, wavelengths of detection and outcomes of method 

validation. The development of Ultra High-Performance Liquid Chromatography (UHPLC) which has 

been observed has greatly accelerated speed and sensitivity of analysis through the use of smaller 

particle sizes and faster run time and the development of advanced detectors like Photodiode Array 

(PDA) detectors has also enhanced the ability to detect several compounds simultaneously. Moreover, 

there is a move in trends towards green chromatography and automation which is making the methods 

of analysis increasingly sustainable and efficient. However, issues like complexity of matrices, co-

elution and degradation of actives are present and thus there is still need to develop more on stability-

indicating techniques and measuring all the three actives simultaneously in one technique. This review 

highlights the importance of these innovations towards enhancing the effectiveness, safety, and 

regulatory conformance of dermatological procedures. 
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I. INTRODUCTION 

Simultaneous determination of various active components in 

dermatological formulations is critical towards their 

effectiveness, safety and regulation. Since topical treatments 

can be used to treat chronic skin conditions, it is important to 

keep the right proportions of active ingredients to ensure that 

the required therapeutic results are achieved without 

experiencing any of the side effects. Topical formulations are 

complex in nature with various excipients and different 

delivery systems and as such, highly sensitive and reliable 

analytical methods are used [1]. The quantification of active 

ingredients in dermatological products can now be considered 

to be the gold standard with the High-Performance Liquid 

Chromatography (HPLC) specifically the reverse-phase (RP-

HPLC) because of the precision, sensitivity, and the capability 

to separate complex mixtures. RP-HPLC provides the benefit 

of being able to analyze multiple components simultaneously 

with great precision, which is of significant benefit both in 

time and resource savings [2]. 

The use of Hydroquinone, Tretinoin and Salicylic Acid in 

topical agents is particularly in synergy with one another in 

treating hyperpigmentation, acne and psoriasis. Hydroquinone 

is an effective depigmenting agent, used to treat such disorders 

as melasma and age spots. A retinoid, Tretinoin stimulates cell 

turnover and decreases comedones, thus making it an essential 

ingredient in the management of acne and other keratinization 

diseases [3]. Salicylic Acid is a beta-hydroxy acid that 

contains exfoliating properties and is frequently used due to its 

capacity to penetrate the skin and unclog the pores hence 

preventing acne and facilitating healthy skin renewal. These 

actives can be used together to present a treatment option that 

meets the needs of skin care in both pigmentation and skin 

exfoliation, to acne and skin acne [4]. 

This review is intended to assess new developments in the RP-

HPLC techniques of simultaneous determination of these three 

active components of dermatological products- Hydroquinone, 

Tretinoin, and Salicylic Acid. As the need to use high-quality 

and efficient analysis techniques continues to increase, this 

review will investigate the innovative techniques to be used to 

improve the separation, sensitivity and resolution of these 

ingredients in complicated topical matrices. Moreover, it will 

deal with the difficulties of analysis such as the interference of 

excipients and the degradation products, and also give results 
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on the recent developments in the development and validation 

of the methods, so that the results can be accurate and 

reproducible to measure the pharmaceutical quality [5]. 

2. Overview of the Actives 

Hydroquinone 

Chemical Properties: Hydroquinone (C6H4(OH)2) is a 

phenolic compound that serves as a potent skin-lightening 

agent. It works by inhibiting the enzyme tyrosinase, which is 

involved in melanin production, thereby reducing 

pigmentation. Hydroquinone is highly soluble in water and 

alcohol but is notably sensitive to light and air, making it 

prone to photodegradation and oxidation. When exposed to 

light, it rapidly breaks down into less effective compounds, 

which can lead to a reduction in its therapeutic efficacy. This 

sensitivity to environmental conditions presents a significant 

challenge in formulating stable products [6]. 

Therapeutic Uses: Hydroquinone is widely used in 

dermatological treatments for hyperpigmentation disorders, 

such as melasma, age spots, and post-inflammatory 

hyperpigmentation. It is often employed in combination 

therapies with other actives like Tretinoin and Salicylic Acid 

to treat conditions such as acne and to improve overall skin 

tone. The combination of Hydroquinone with these actives 

enhances its effectiveness by addressing multiple skin 

concerns, including pigmentation, skin texture, and acne scars 

[7]. 

Challenges in Analysis: The primary challenge in analyzing 

Hydroquinone in topical formulations is its instability, 

especially due to its tendency to degrade when exposed to 

light. This instability complicates its quantification in 

formulations unless proper storage and packaging are used. 

Additionally, its phenolic nature can interact with excipients in 

the formulation, which may cause interference during 

chromatographic analysis. These interactions can affect 

retention times and lead to inaccurate quantification unless 

carefully accounted for during method development [8]. 

Tretinoin 

Chemical Properties: Tretinoin (C20H28O2) is a retinoid, a 

derivative of Vitamin A, and is highly sensitive to light, heat, 

and oxygen. It has an unsaturated carboxylic acid functional 

group, which makes it chemically reactive, particularly under 

conditions of light and oxidation. Tretinoin’s sensitivity to 

environmental factors requires formulations to be carefully 

stabilized to prevent degradation. Despite its instability, 

Tretinoin is often formulated in alcohol-based solvents, which 

can help to maintain its potency, but still require protection 

from light and air [9]. 

Therapeutic Uses: Tretinoin is primarily used in the treatment 

of acne, where it promotes cell turnover and reduces the 

formation of comedones. It is also used in anti-aging 

treatments due to its ability to accelerate skin regeneration and 

reduce wrinkles. When combined with Hydroquinone and 

Salicylic Acid, Tretinoin provides a comprehensive treatment 

approach, addressing pigmentation, acne, and skin texture. 

This combination is effective for individuals with acne scars, 

hyperpigmentation, and overall skin aging, as Tretinoin helps 

in renewing skin cells and enhancing the absorption of other 

actives [10]. 

Challenges in Analysis: Tretinoin's sensitivity to light 

presents significant analytical challenges, as it can degrade 

upon exposure to UV radiation. This degradation can result in 

inaccurate quantification in formulations, especially if not 

handled carefully during chromatographic analysis. 

Furthermore, Tretinoin’s interaction with excipients in topical 

formulations, such as oils and emulsifiers, can lead to complex 

matrix interference, which complicates its analysis. These 

challenges necessitate method development strategies that 

account for its instability and interaction with formulation 

components [11]. 

Salicylic Acid 

Chemical Properties: Salicylic Acid (C7H6O3) is a weak acid 

with both a phenolic group and a carboxylic acid group, 

making it amphipathic (both hydrophilic and lipophilic). This 

allows it to penetrate the skin and act as a keratolytic agent. It 

is lipophilic enough to dissolve in oils and penetrate the skin 

barrier, while also being able to exfoliate the outer layers of 

the skin. However, its pH sensitivity can influence its 

solubility and stability in formulations. Salicylic Acid is more 

stable than Hydroquinone and Tretinoin but can still undergo 

degradation when exposed to high temperatures or prolonged 

light exposure [12]. 

Therapeutic Uses: Salicylic Acid is primarily used for its 

keratolytic action, which helps in treating acne, warts, and 

other skin conditions were clogged pores are a concern. It is 

effective in exfoliating the skin, promoting the shedding of 

dead skin cells, and preventing the formation of comedones. In 

combination with Hydroquinone and Tretinoin, Salicylic Acid 

enhances the exfoliation process, which facilitates the 

absorption of other active ingredients and improves the overall 

appearance of the skin by preventing the buildup of dead skin 

cells [13]. 

Table 1: Key Properties and Challenges of Each Active Ingredient [15] 

Active Ingredient Chemical Properties Therapeutic Uses Challenges in Analysis 

Hydroquinone Phenolic compound, prone to 

photodegradation 

Skin lightening, acne 

treatment 

Photodegradation, interaction with 

excipients 

Tretinoin Retinoid, sensitive to light and 

oxygen 

Acne treatment, anti-aging Light instability, complex matrix 

interference 

Salicylic Acid Weak acid, lipophilic, pH sensitive Acne treatment, keratolytic 

agent 

pH sensitivity, co-elution with 

excipients 
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Challenges in Analysis: The pH sensitivity of Salicylic Acid 

is one of the key challenges in its analysis. Changes in pH can 

affect its solubility, retention time, and peak detection in 

chromatographic analysis. Additionally, Salicylic Acid can co-

elute with excipients or degradation products in complex 

formulations, which can lead to false peaks or inaccurate 

quantification. Analytical methods must be carefully 

optimized to account for these potential issues, ensuring that 

Salicylic Acid is accurately measured in the presence of other 

ingredients (Table 1) [14]. 

3. Analytical Challenges in Simultaneous Quantification 

Matrix Complexity 

Topical formulations, such as creams, gels, and lotions, are 

composed of a wide range of excipients, oils, emulsifiers, and 

other compounds that serve to stabilize, moisturize, or enhance 

the delivery of the active ingredients. These excipients can 

significantly interfere with the analysis of active ingredients 

like Hydroquinone, Tretinoin, and Salicylic Acid during 

chromatographic separation [16]. For instance, emulsifiers 

used in cream formulations may cause baseline drift or 

generate broad peaks, making it difficult to isolate the desired 

peaks for accurate quantification. Additionally, oils and fatty 

substances used to enhance skin penetration can lead to matrix 

effects that alter retention times or intensify signal noise. 

These matrix effects, combined with the complex nature of 

topical products, pose substantial challenges for analysts, as 

they must ensure that the analytical method is robust enough 

to handle the interactions between actives and excipients 

without compromising the precision or sensitivity of the 

quantification [17]. 

Separation Issues 

One of the most significant challenges in the simultaneous 

analysis of Hydroquinone, Tretinoin, and Salicylic Acid using 

RP-HPLC is the potential for co-elution, peak tailing, or 

overlapping retention times. Each active ingredient has distinct 

chemical properties, but their similarities in structure (e.g., the 

phenolic group in Hydroquinone and Salicylic Acid) can result 

in co-elution during chromatographic separation, leading to 

broad peaks or overlapping signals. Tretinoin, with its distinct 

retinoid structure, presents its own challenge in terms of 

retention time, as it is less polar than Hydroquinone or 

Salicylic Acid [18]. If the separation of these actives is not 

optimized, peak overlap or tailing can occur, causing 

difficulties in quantification. Achieving optimal separation in a 

short analysis time is essential for the efficiency of the 

method, and fine-tuning the mobile phase composition and 

flow rate is often required to resolve these separation issues 

[19]. 

 
Figure 1: Schematic Representation of Typical Challenges in RP-HPLC Analysis of Topical Formulations [24] 

Detection Sensitivity 

Hydroquinone, Tretinoin, and Salicylic Acid each exhibit 

different UV absorbance characteristics, which adds to the 

complexity of simultaneous detection. Hydroquinone and 

Tretinoin have distinct UV absorbance wavelengths, with 

Hydroquinone typically being detected at around 265 nm, and 

Tretinoin at 350 nm. Salicylic Acid, on the other hand, absorbs 

UV light around 296 nm [20]. This variation in absorbance 

peaks makes it challenging to detect all three compounds 

simultaneously without using multiple wavelengths or a 

photodiode array (PDA) detector. Achieving optimal 

sensitivity for each compound while minimizing interference 

requires careful selection of the detection wavelength, and 

may involve the use of gradient elution or a PDA to monitor 

multiple wavelengths simultaneously, further complicating the 

analytical process [21]. 

Extraction Challenges 

The preparation of samples for RP-HPLC analysis in 

dermatological formulations can be particularly challenging 
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due to the semi-solid and complex nature of the matrices. 

Creams and ointments, which are typically used for delivering 

Hydroquinone, Tretinoin, and Salicylic Acid, often require 

extraction techniques that can efficiently isolate the actives 

from the base without introducing contamination or loss of 

analyte (Fig. 1) [22]. Extractions from such matrices can be 

difficult because of the high lipid content, emulsifiers, and 

stabilizers used in these products, which can interfere with the 

detection of the active compounds. Solvent selection, 

extraction time, and the method used (e.g., liquid-liquid 

extraction or solid-phase extraction) must be carefully 

optimized to ensure the actives are sufficiently separated from 

the matrix while maintaining recovery rates close to 100%. If 

not properly optimized, these extraction challenges can lead to 

incomplete extraction, low recovery, and ultimately, poor 

quantification accuracy [23]. 

4. Recent RP-HPLC Methods for Simultaneous 

Quantification 

The development of robust and efficient RP-HPLC methods 

for the simultaneous quantification of Hydroquinone, 

Tretinoin, and Salicylic Acid in dermatological formulations 

has been a focus of recent studies. The chromatographic 

conditions, such as column selection, mobile phase 

composition, and detection wavelengths, play a crucial role in 

achieving high resolution, accuracy, and sensitivity for all 

three active ingredients. This section explores various studies 

that have employed RP-HPLC methods for the simultaneous 

analysis of these actives, highlighting key elements such as 

column types, mobile phases, detection wavelengths, and 

method validation results [25]. 

Column Selection 

The column is one of the most critical components in ensuring 

the separation and resolution of Hydroquinone, Tretinoin, and 

Salicylic Acid in complex dermatological formulations. 

Various column types have been employed to achieve optimal 

separation and retention. 

 C18 Columns: The C18 column is one of the most 

widely used in RP-HPLC due to its ability to separate 

a wide range of compounds, including both polar and 

non-polar actives. The C18 column is particularly 

effective for separating Tretinoin (less polar) from 

Hydroquinone (moderately polar) and Salicylic Acid 

(weakly acidic and moderately polar). Columns with 

longer lengths (250 mm) and larger particle sizes (5 

µm) provide excellent resolution, while shorter 

columns with smaller particles (3 µm) can reduce 

analysis time without sacrificing resolution [26]. 

 Inertsil ODS Columns: Inertsil ODS columns are 

another popular choice, particularly for more 

complex formulations. Their unique surface 

chemistry minimizes nonspecific interactions with 

compounds, reducing interference and improving the 

sensitivity of the analysis. These columns are 

particularly effective for highly polar actives like 

Salicylic Acid, which requires careful handling to 

avoid co-elution with excipients [27]. 

Mobile Phase Composition 

The mobile phase plays a vital role in achieving optimal 

retention, resolution, and peak shape during the 

chromatographic process. Several studies have employed 

different mobile phase compositions, often consisting of a 

mixture of aqueous buffers and organic solvents, to separate 

Hydroquinone, Tretinoin, and Salicylic Acid. 

 Phosphate Buffer and Acetonitrile: One of the most 

common mobile phase compositions for these actives 

consists of 80% phosphate buffer and 20% 

acetonitrile. This composition helps to maintain the 

necessary pH for Tretinoin stability while providing 

sufficient organic content to separate the less polar 

components like Tretinoin from more polar 

compounds like Hydroquinone. This mixture has 

been shown to provide excellent resolution for the 

three actives in dermatological formulations [28]. 

 Methanol and Phosphate Buffer: In some cases, a 

mixture of 70% methanol and 30% phosphate buffer 

is used. Methanol, being a more potent solvent, helps 

improve the separation of polar compounds, such as 

Salicylic Acid, while reducing the retention time for 

all actives. This composition has been particularly 

effective in achieving high resolution in a shorter 

time frame [29]. 

 Water and Acetonitrile: For faster analysis, a 50% 

water and 50% acetonitrile mixture is sometimes 

used. This composition allows for efficient separation 

while reducing the overall analysis time. It has been 

found effective for faster elution of less complex 

mixtures, but may not always provide the best 

separation for more complex topical formulations 

[30]. 

Detection Wavelengths 

The detection wavelengths for Hydroquinone, Tretinoin, and 

Salicylic Acid vary due to their distinct UV absorbance 

characteristics. Selecting the optimal detection wavelength is 

crucial for achieving high sensitivity and ensuring accurate 

quantification. 

 Hydroquinone and Tretinoin (265 nm): 
Hydroquinone and Tretinoin have strong absorbance 

at 265 nm, making this wavelength optimal for their 

simultaneous detection. However, because both 

compounds have similar UV absorbance profiles, 

careful method development is required to prevent 

interference and ensure distinct peak identification 

[31]. 
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 Salicylic Acid (296 nm): Salicylic Acid exhibits a 

UV absorbance peak at 296 nm. Since this 

wavelength is distinct from those of Hydroquinone 

and Tretinoin, it allows for the simultaneous detection 

of all three actives without significant interference. 

The challenge, however, lies in the relatively lower 

sensitivity of Salicylic Acid compared to 

Hydroquinone and Tretinoin, which requires careful 

optimization of the detection parameters to enhance 

the signal [32]. 

 Photodiode Array (PDA) Detectors: In some 

studies, PDA detectors have been used to monitor 

multiple wavelengths simultaneously, allowing for 

the detection of all three actives at their optimal 

absorbance wavelengths. This approach improves the 

sensitivity and reliability of the analysis, particularly 

when dealing with complex formulations [33]. 

Table 2: Comparison of RP-HPLC Methods for Simultaneous Quantification [34] 

Study Column Type Mobile Phase Composition Detection Wavelength Method Validation Results 

Study 1 C18 (250mm, 5µm) 80% Phosphate buffer, 20% 

Acetonitrile 

265 nm (Hydroquinone, 

Tretinoin) 

Linearity: R² = 0.999; LOD = 

0.5 µg/mL 

Study 2 Inertsil ODS 70% Methanol, 30% 

Phosphate buffer 

296 nm (Salicylic Acid) Precision: %RSD = 1.5% 

Study 3 C18 (150mm, 3µm) 50% Water, 50% Acetonitrile 280 nm (Tretinoin) Recovery: 98-102% 

Study 4 C18 (250mm, 3µm) 75% Phosphate buffer, 25% 

Methanol 

265 nm (Hydroquinone, 

Tretinoin) 

Linearity: R² = 0.998; LOD = 

0.3 µg/mL 

Study 5 Inertsil ODS 80% Water, 20% Acetonitrile 296 nm (Salicylic Acid) Precision: %RSD = 1.2%; 

Recovery: 99% 

Study 6 C18 (150mm, 3µm) 60% Phosphate buffer, 40% 

Methanol 

280 nm (Tretinoin) Linearity: R² = 0.997; LOD = 

0.8 µg/mL 
 

 Linearity: Studies 1, 4, and 6 show excellent 

linearity (R² > 0.997), demonstrating that the methods 

are suitable for quantifying the actives over a wide 

range of concentrations. 

 Precision: Studies 2 and 5 reported low RSD values 

(1.5% and 1.2%, respectively), indicating high 

reproducibility in the quantification of Salicylic Acid 

and other actives. 

 Recovery: Study 3 achieved a recovery rate of 98-

102%, demonstrating that the method is accurate and 

reliable for the quantification of Tretinoin in complex 

formulations (Table 2). 

5. Trends and Innovations in RP-HPLC for Dermatological 

Applications 

The field of High-Performance Liquid Chromatography 

(HPLC) has witnessed significant advancements in recent 

years, driven by the need for faster, more efficient, and 

environmentally friendly methods for analyzing complex 

dermatological formulations. These innovations, such as the 

rise of Ultra High-Performance Liquid Chromatography 

(UHPLC), the development of advanced detectors, and the 

push toward automation and green chemistry, have all 

contributed to improving the precision, speed, and 

sustainability of RP-HPLC methods [35]. 

Ultra High-Performance Liquid Chromatography 

(UHPLC) 

Ultra High-Performance Liquid Chromatography (UHPLC) 

represents a significant advancement over traditional HPLC, 

offering several benefits, particularly for the simultaneous 

analysis of active ingredients in dermatological formulations. 

One of the main advantages of UHPLC is its ability to provide 

faster run times, which is achieved by using smaller particle 

sizes (sub-2 µm) in the chromatographic columns. The smaller 

particles result in increased surface area and better column 

efficiency, which translates to shorter analysis times while 

maintaining or even improving the resolution and separation 

of the actives [36]. 

In traditional HPLC, columns typically use particles sized 

around 5 µm, but with UHPLC, the use of sub-2 µm particles 

allows for more efficient interactions between the sample and 

the stationary phase. This leads to sharper peaks and faster 

elution, which can significantly reduce the time required for 

method development and routine analysis. Additionally, 

UHPLC requires lower flow rates, resulting in a reduction in 

solvent consumption, making it a more environmentally 

friendly alternative to traditional HPLC methods. This is 

particularly beneficial in high-throughput laboratories where 

rapid analysis of multiple samples is required [37]. 

In the context of dermatological applications, UHPLC is 

particularly advantageous as it allows for quicker analysis of 

complex formulations without sacrificing accuracy or 

resolution. For example, the simultaneous quantification of 

Hydroquinone, Tretinoin, and Salicylic Acid can be achieved 

in a fraction of the time compared to traditional HPLC 

methods, enabling faster quality control and more efficient 

product development [38]. 

Advanced Detectors 

The development of advanced detectors has also played a 

crucial role in improving the sensitivity and selectivity of RP-
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HPLC methods, especially in the simultaneous analysis of 

multiple actives. Photodiode Array (PDA) detectors and multi-

wavelength detectors are among the most significant 

innovations in this area. 

 Photodiode Array (PDA) Detectors: A PDA 

detector allows for the detection of multiple 

compounds at different wavelengths simultaneously, 

which is particularly useful when analyzing mixtures 

of active ingredients with different absorbance 

profiles. In the case of Hydroquinone, Tretinoin, and 

Salicylic Acid, the PDA detector can monitor the 

absorbance at different wavelengths (265 nm for 

Hydroquinone, 296 nm for Salicylic Acid, and 280 

nm for Tretinoin) without the need to switch 

detection wavelengths during the analysis. This not 

only improves the accuracy of the analysis but also 

reduces the analysis time since the detector can 

simultaneously measure the peaks for all three actives 

[39]. 

 Multi-Wavelength Detectors: These detectors can 

monitor multiple wavelengths at once, providing 

enhanced sensitivity and better resolution for 

complex formulations. The ability to detect the three 

active ingredients at their optimal wavelengths 

improves the overall sensitivity and reduces the 

likelihood of interference from excipients or 

degradation products in the sample matrix [40]. 

Automation and Green Chemistry 

There is an increasing shift toward automation and green 

chemistry in the field of RP-HPLC, particularly in 

dermatological analysis. Automation in sample preparation 

and analysis offers significant advantages in terms of 

reproducibility, efficiency, and throughput. Automated systems 

can handle repetitive tasks such as sample dilution, extraction, 

and injection, reducing human error and increasing the 

consistency of results. This is particularly valuable in high-

throughput environments, such as pharmaceutical laboratories, 

where a large number of samples need to be processed daily 

[41]. 

In terms of green chemistry, there is a growing movement 

toward reducing the environmental impact of chromatographic 

analyses. This includes the use of eco-friendly solvents, such 

as water or less hazardous organic solvents, in place of 

traditional solvents like acetonitrile and methanol, which are 

often toxic and require special disposal methods. The 

reduction in solvent usage not only makes RP-HPLC more 

environmentally sustainable but also helps to cut down on 

operational costs in the long term [42]. 

The adoption of green chromatography techniques, combined 

with advancements in UHPLC and automation, has the 

potential to make RP-HPLC methods more efficient, cost-

effective, and environmentally responsible, benefiting both the 

laboratory and the broader community (Fig. 2) [43]. 

 
Figure 2: Comparison of HPLC vs. UHPLC in Terms of 

Run Time and Sensitivity [44] 

6. Gaps and Future Directions 

Although significant advancements have been made in the 

field of RP-HPLC for the simultaneous quantification of active 

ingredients in dermatological formulations, several key areas 

still require further research and development. These gaps 

present opportunities for future innovation in the analytical 

methodologies used to quantify Hydroquinone, Tretinoin, and 

Salicylic Acid, as well as in the broader context of sustainable 

and stability-indicating techniques for dermatological products 

[45]. 

Salicylic Acid in Combination with Hydroquinone and 

Tretinoin: Limited Research 

While Hydroquinone, Tretinoin, and Salicylic Acid are 

frequently used together in dermatological treatments for acne, 

hyperpigmentation, and other skin conditions, there is still a 

lack of comprehensive methods for their simultaneous 

quantification in one analytical procedure. Most studies focus 

on the quantification of two of these actives at a time, but few 

methods address the simultaneous quantification of all three in 

a single run. This gap is particularly important in formulations 

where all three actives are present in varying concentrations. 

Developing a method that can accurately and efficiently 

quantify these three compounds together would streamline the 

analysis of complex dermatological products and improve 

quality control processes in pharmaceutical labs [46]. 

Stability-Indicating Methods: A Need for Research 

A critical gap in current RP-HPLC methodologies is the lack 

of stability-indicating methods that can assess the degradation 

of active ingredients in dermatological formulations over time. 

Both Tretinoin and Hydroquinone are known to degrade under 

light, heat, and oxygen exposure, and such degradation can 

affect the therapeutic efficacy of the formulation [47]. 

Stability-indicating methods are essential not only for 

assessing the concentration of actives but also for evaluating 

the shelf life and performance of dermatological products 

under various storage conditions. Future research should focus 

on developing and validating stability-indicating RP-HPLC 

methods that can simultaneously quantify actives while also 
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monitoring their degradation, which would enhance the quality 

and reliability of dermatological treatments [48]. 

Green Chemistry in HPLC: Sustainability Concerns 

Another important direction for future research is the 

integration of green chemistry principles into RP-HPLC 

methods. Traditional HPLC methods often require the use of 

organic solvents, which are both costly and harmful to the 

environment. With the increasing focus on sustainability in 

pharmaceutical manufacturing and analytical processes, there 

is a growing need for methods that use fewer solvents, lower 

energy consumption, and reduce the use of hazardous 

reagents. The development of green chromatography methods, 

including the use of eco-friendly solvents and solvent-free 

extraction techniques, is essential for reducing the 

environmental impact of analytical processes. By focusing on 

sustainable practices, the pharmaceutical industry can 

contribute to environmental conservation while maintaining 

high analytical standards (Table 3) [49]. 

Table 3: Future Research Directions [50] 

Gap Suggested Future Research Details and Focus Areas 

Limited methods for 

Hydroquinone, Tretinoin, 

and Salicylic Acid together 

Develop more efficient 

simultaneous quantification 

methods including all three 

actives. 

 Explore the use of UHPLC or micro-HPLC with sub-2 

µm particle sizes to enhance separation efficiency. 

 Investigate mixed-mode columns (e.g., C30 columns) for 

better selectivity in separating the actives. 

 - Optimize sample preparation techniques (e.g., SPE) for 

better extraction of actives from complex matrices. 

Lack of stability-indicating 

methods 

Research on stability-indicating 

methods for dermatological 

products to monitor degradation 

over time. 

 Develop methods that track the degradation of 

Hydroquinone, Tretinoin, and Salicylic Acid under 

various conditions (light, temperature, humidity). 

 Integrate forced degradation studies into RP-HPLC 

methods to assess stability. 

 - Standardize accelerated stability testing protocols for 

these compounds. 

Green chromatography Focus on reducing solvent usage 

and using eco-friendly mobile 

phases, solvents, and reagents. 

 Research alternative solvents such as ethanol, glycerol, or 

ionic liquids to replace acetonitrile and methanol. 

 Develop methods to reduce solvent volumes while 

maintaining resolution, such as using aqueous mobile 

phases or gradient elution. 

 - Explore the use of supercritical fluid chromatography 

(SFC) or green solvents in sample preparation. 
 

CONCLUSION 

In this review, we have discussed the analytical challenges 

associated with the simultaneous quantification of 

Hydroquinone, Tretinoin, and Salicylic Acid in dermatological 

formulations using RP-HPLC. These challenges include 

matrix complexity, separation issues such as co-elution and 

peak tailing, as well as detection sensitivity due to the varying 

UV absorbance wavelengths of the actives. Advancements in 

RP-HPLC, including the rise of UHPLC, the development of 

advanced detectors like PDA, and the incorporation of green 

chromatography principles, have significantly enhanced the 

speed, sensitivity, and sustainability of these methods. 

Method validation results from recent studies show promising 

outcomes in terms of linearity, precision, and recovery, 

demonstrating the robustness and reliability of these analytical 

techniques. Trends such as automation and eco-friendly 

solvents are shaping the future of RP-HPLC, making it more 

efficient and environmentally sustainable. 

Improving analytical techniques for combination therapies is 

crucial for the accurate and efficient quantification of multiple 

actives in complex formulations. These advancements not only 

support pharmaceutical development by ensuring product 

quality but also have a direct impact on patient care, enabling 

the delivery of safer, more effective dermatological treatments. 
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