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ABSTRACT- The foundation of this research was the strategic selection of two highly effective active 

ingredients with complementary mechanisms of action. L-Ascorbic Acid (Vitamin C) was chosen for its 

multifaceted role as a potent antioxidant, an essential cofactor for collagen synthesis, and an inhibitor of the 

tyrosinase enzyme. These properties make it the gold standard for protecting against photoaging, reducing 

the appearance of fine lines and wrinkles, and correcting hyperpigmentation. Salicylic Acid, a lipophilic 

Beta Hydroxy Acid (BHA), was selected for its unique ability to penetrate sebaceous follicles. Its 

keratolytic and comedolytic actions are highly effective in exfoliating the pore lining, thereby treating and 

preventing acne lesions such as blackheads and pimples. The primary aim of the study was successfully 

achieved. A stable, safe, and cosmetically elegant topical serum containing 15% L-Ascorbic Acid and 2% 

Salicylic Acid were developed. The final formulation demonstrated excellent physicochemical properties, 

with a critical pH of 3.25 that ensures the stability and efficacy of both active ingredients. The product 

exhibited robust stability under accelerated test conditions, projecting a commercially viable shelf-life of at 

least 24 months. The serum was confirmed to be free from microbial contamination and safe for topical 

application. It is therefore concluded that the developed serum is a high-quality formulation that possesses 

all the necessary attributes to be an effective, multi-functional agent for the management of wrinkles, acne, 

dark spots, and for the promotion of overall skin brightness and health. 
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INTRODUCTION 

               Skin is the most visible and largest organ of the human body, covering an area of nearly 1.5–2 

square meters in an average adult. It not only provides an aesthetic appeal but also acts as a protective 

barrier against numerous external aggressors such as microorganisms, ultraviolet (UV) radiation, 

environmental pollutants, and chemical irritants. Structurally, the skin is composed of three major layers: 

the epidermis, dermis, and subcutaneous tissue.  

In the modern era, skin health is considered a critical component of overall well-being, influencing 

confidence, psychological health, and social interactions. While cosmetics have traditionally been used to 

mask imperfections or temporarily enhance appearance, there has been a significant shift toward 

cosmeceuticals. Cosmeceuticals are products that combine cosmetic benefits with pharmaceutical-grade 

bioactive compounds. These products not only improve appearance but also deliver therapeutic benefits at 

the cellular and molecular levels. Among the numerous cosmeceutical agents available, Vitamin C 

(ascorbic acid) and Salicylic Acid have been extensively studied and widely accepted for their proven 

dermatological effects. 
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Vitamin C in Dermatology 

Vitamin C, also known as ascorbic acid, is a water-soluble vitamin that plays a crucial role in several 

biological processes, particularly in collagen synthesis and antioxidation. In the skin, Vitamin C acts as a 

cofactor for enzymes such as prolyl hydroxylase and lysyl hydroxylase, which are essential for the 

hydroxylation of collagen molecules. This process strengthens collagen fibrils and enhances the tensile 

strength of the dermis. Collagen is the most abundant structural protein in the skin, and its degradation is a 

hallmark of aging. Thus, Vitamin C supplementation through topical application helps maintain skin 

firmness, reduces fine wrinkles, and delays the signs of aging. 

Another major role of Vitamin C is its antioxidant activity. The skin is frequently exposed to reactive 

oxygen species (ROS) generated by UV radiation and environmental pollutants. These free radicals cause 

lipid peroxidation, DNA damage, and protein oxidation, all of which accelerate skin aging and increase 

susceptibility to diseases. Topically applied Vitamin C neutralizes free radicals, thereby reducing oxidative 

stress and preventing cellular damage. 

Salicylic Acid in Dermatology 

Salicylic Acid, a beta hydroxy acid (BHA), is one of the well-recognized ingredients in acne management 

and exfoliation therapies. Structurally, it is lipophilic, enabling it to penetrate into sebaceous follicles, 

making it especially effective for oily and acne-prone skin. The primary mechanism of Salicylic Acid is its 

keratolytic activity. It breaks down the desmosomal attachments between keratinocytes, leading to the 

shedding of dead skin cells. This property helps unclog pores, reduces the formation of blackheads and 

whiteheads, and prevents acne development. By promoting exfoliation, Salicylic Acid also enhances skin 

smoothness and texture. In addition to keratolysis, Salicylic Acid exhibits comedolytic and anti-

inflammatory effects. It penetrates deep into the pores, dissolves sebum plugs, and prevents the 

accumulation of acne causing bacteria. Its anti-inflammatory action reduces redness and swelling 

associated with acne lesions, thereby accelerating healing. 

Salicylic Acid is available in various strengths. In over-the-counter formulations, it is commonly used at 

concentrations between 0.5– 2%, suitable for daily use without significant irritation. In clinical 

dermatology, higher concentrations (20–30%) are employed as chemical peels for treating acne scars, 

hyperpigmentation, psoriasis, and photo aged skin. Due to its versatility, Salicylic Acid is widely 

incorporated into cleansers, toners, gels, and serums. However, overuse or use at higher concentrations may 

cause skin dryness, irritation, or peeling, especially in individuals with sensitive skin. 

Synergistic Role of Vitamin C and Salicylic Acid 

While both Vitamin C and Salicylic Acid have individual merits, their combination in a single formulation 

such as a serum provides synergistic advantages - 

• Enhanced Penetration: Salicylic Acid exfoliates the outer stratum corneum and clears pores, thereby 

improving the absorption and bioavailability of Vitamin C into deeper skin layers. 

• Dual Action against Acne: Salicylic Acid treats acne by reducing sebum and comedones, while 

Vitamin C reduces post-inflammatory hyperpigmentation and aids in tissue repair. 

• Oxidative Stress Management: Vitamin C neutralizes ROS produced during acne- related inflammation 

and UV exposure, complementing the anti-inflammatory effect of Salicylic Acid. 

• Comprehensive Skincare: Together, they address multiple skin issues simultaneously, including acne, 

pigmentation, aging, and dullness, offering a multifunctional cosmeceutical solution. 

Rationale for Serum Formulation 

A serum is a lightweight, fast-absorbing formulation designed to deliver high concentrations of active 

ingredients to the skin. Unlike creams and lotions, serums contain minimal emollients and thickeners, 

allowing greater penetration of active compounds. For ingredients like Vitamin C and Salicylic Acid, 

which require optimal absorption for efficacy, a serum base is the most suitable 
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Moreover, the pH of serum formulations (usually around 3–4) aligns well with the stability and activity of 

both Vitamin C and Salicylic Acid. Such formulations are non-greasy, cosmetically elegant, and suitable 

for daily application, which improves patient compliance. 

Significance of the Study 

• The development of a Vitamin C + Salicylic Acid Face Serum holds both academic and commercial 

importance: 

• From a scientific perspective, it allows the exploration of dual-ingredient synergy, stability 

enhancement techniques, and evaluation of multiple skin-benefiting activities in a single formulation. 

• From a dermatological perspective, it provides a product that can effectively manage common skin 

concerns like acne, pigmentation, and aging, which are highly prevalent among adolescents and adults. 

• From a commercial perspective, the global skincare market is rapidly expanding, with increasing 

consumer demand for multifunctional serums. A well-formulated product has high potential for 

commercialization. 

DRUG AND EXCIPIENT PROFILE 

The primary objective of this research is to formulate a stable and efficacious topical serum designed to 

address a multitude of common dermatological concerns. The formulation aims to combine two potent 

active pharmaceutical ingredients (APIs), Ascorbic Acid (Vitamin C) and Salicylic Acid, to target signs of 

photo aging (wrinkles, dark spots), acne vulgaris (blackheads, pimples), and overall skin dullness. The 

rationale for this poly-functional approach is based on the complementary and synergistic mechanisms of 

the selected actives. Salicylic Acid, a lipophilic Beta Hydroxy Acid (BHA), provides keratolytic and 

comedolytic action, clearing pores and improving skin texture. Ascorbic Acid, a powerful antioxidant, 

works to protect the skin from oxidative stress, stimulate collagen synthesis, and inhibit melanogenesis. 

The success of such a combination product is highly dependent on the careful selection of excipients that 

not only form an elegant and cosmetically acceptable vehicle but also critically maintain the stability and 

bioavailability of the active ingredients. The pH- dependent nature of both Ascorbic Acid and Salicylic 

Acid presents a significant formulation challenge, necessitating the use of a precise buffering system.  

The proposed formulation includes the following components: 

• Active Ingredients: 

• Ascorbic Acid (Vitamin C) 

• Salicylic Acid 

• Excipients (Vehicle and Functional Components): 

• Propylene Glycol (Solvent, Humectant, Penetration Enhancer) 

• Glycerine (Humectant) 

• Suitable Preservatives (e.g., Phenoxyethanol, Ethylhexylglycerin)  

Profile of Active Pharmaceutical Ingredient I: Ascorbic Acid Nomenclature and Structure - 

• Chemical Name: (5R)-5-[(1S)-1,2-dihydroxyethyl]-3,4-dihydroxyfuran-2(5H)- one 

• Common Names: Vitamin C, L-Ascorbic Acid 

• Chemical Formula: C6H8O6 

• Molecular Weight: 176.12g/mol 

• Chemical Structure of L-Ascorbic Acid 
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Chemical Structure of L-Ascorbic Acid 

 

• Pharmacological Category: Antioxidant, Collagen Synthesis Cofactor, Depigmenting agent. 

• Mechanism of Action Ascorbic acid provides its therapeutic effects through multiple biological 

pathways: 

1. Antioxidant Activity: It is a primary non-enzymatic, water-soluble antioxidant in the skin. It directly 

neutralizes Reactive Oxygen Species (ROS) such as the superoxide anion (O_2^−), hydroxyl radical 

(\cdot OH), and singlet oxygen (^1O_2) by donating two electrons. This process converts it to the 

relatively stable ascorbyl radical. This action protects cellular structures from oxidative damage 

induced by UV radiation and environmental pollutants. 

2. Collagen genesis: It serves as an essential cofactor for prolyl and lysyl hydroxylases, the enzymes 

responsible for hydroxylating proline and lysine residues during procollagen synthesis. This 

hydroxylation is critical for stabilizing the collagen triple helix. By promoting the synthesis of Type I 

and Type III collagen, Ascorbic Acid enhances skin's structural integrity, improving firmness and 

reducing the appearance of fine lines and wrinkles. 

3. Depigmenting Activity: Ascorbic Acid interferes with melanogenesis by inhibiting the enzyme 

tyrosinase. It reduces the oxidized DOPAquinone back to DOPA, preventing the formation of melanin. 

This action helps to fade hyperpigmentation (e.g., solar lentigines, post-inflammatory 

hyperpigmentation) and results in a more uniform and brighter skin complexion. 

 

• Physicochemical Properties 

 Appearance: White to light-yellow crystalline solid. 

 Solubility: Freely soluble in water (approx. 33 g/100 mL); practically insoluble in ethanol    and oil. 

 pKa: pK_{a1} = 4.17, pK_{a2} = 11.57. 

 Melting Point: 190-192ºC (with decomposition). 

 Stability: Highly unstable in aqueous solutions. It is rapidly degraded by oxidation, a process 

accelerated by the presence of oxygen, heavy metal ions (especially Cu^{2+} and Fe^{3+}), heat, 

and light.  

 

• Topical Pharmacokinetics Percutaneous absorption of Ascorbic Acid is pH-dependent. The uncharged 

(protonated) form of the molecule, prevalent at pH levels below its pK_{a1}, demonstrates 

significantly greater skin penetration than the ionized ascorbate form. Maximum absorption is achieved 

at concentrations up to 20%. 

 

• Adverse Effects Topical application can cause stinging, erythema (redness), and dryness, particularly in 

sensitive skin or at high concentrations. If the product oxidizes (turns yellow/brown), it loses efficacy 

and may become pro-oxidant. 

 

• Role in Formulation Primary active ingredient responsible for antioxidant protection, anti-aging 

(collagen synthesis), and skin brightening effects. 



ISSN:2455-2631                                                                                      October 2025 IJSDR | Volume 10 Issue 10 

IJSDR2510145 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org b387 
  

 

Profile of Active Pharmaceutical Ingredient II: Salicylic Acid Nomenclature and Structure –  

• Chemical Name: 2-Hydroxybenzoic acid 

• Common Names: Salicylic Acid 

• Chemical Formula: C7H6O3 

• Molecular Weight: 138.12 g/mol 

• Chemical Structure: Chemical Structure of Salicylic Acid 

 

 

Chemical Structure of Salicylic Acid 

• Pharmacological Category - Beta Hydroxy Acid (BHA), Keratolytic, Comedolytic, Anti-

inflammatory Agent. 

• Mechanism of Action Salicylic Acid's efficacy stems from its unique structure and lipophilicity: 

1. Keratolytic and Comedolytic Action: As a lipophilic molecule, Salicylic Acid is miscible with 

epidermal lipids and can penetrate into the lipid-rich environment of the sebaceous follicles. It 

functions by solubilizing the intercellular cement that binds corneocytes in the stratum corneum, 

thereby promoting desquamation. This action exfoliates both the skin surface and, critically, the lining 

of the pores, preventing the blockage that leads to the formation of comedones. 

2. Anti-inflammatory Action: Structurally related to acetylsalicylic acid (aspirin), Salicylic Acid 

possesses anti-inflammatory properties. It is believed to modulate the arachidonic acid cascade by 

inhibiting cyclooxygenase (COX) enzymes, leading to a reduction in prostaglandin synthesis. This 

helps to alleviate the erythema and inflammation associated with acne. 

3. Antimicrobial Action: It exhibits mild bacteriostatic properties against several bacteria, including 

Cutibacterium acnes, further contributing to its anti-acne effects. 

Physicochemical Properties 

 Appearance: White, needle-like crystals or a fluffy crystalline powder. 

 Solubility: Slightly soluble in water (0.2 g/100 mL at 20^\circ C); freely soluble in ethanol, glycols, 

and oils. 

 pKa: 2.97. 

 

• Topical Pharmacokinetics Its lipophilicity allows for effective penetration into the stratum corneum and 

sebaceous units. Systemic absorption is minimal when applied to limited areas in standard 

cosmeceutical concentrations (\leq 2\%). 

Profile of Excipients 

Excipients are crucial for creating a stable, safe, and effective product with desirable sensory 

characteristics. 

Propylene Glycol (PG) 

• Chemical Name: Propane-1,2-diol 

• Category: Solvent, Humectant, Penetration Enhancer. 
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• Role in Formulation: Serves as the key solvent for Salicylic Acid, which has poor aqueous solubility. 

It also acts as a humectant and penetration enhancer, facilitating the absorption of other ingredients.  

 

PREPARATION AND FORMULATION 

Ideal Characteristics of a Topical Serum 

           A topical cosmeceutical serum is a concentrated, lightweight formulation designed for efficient 

delivery of active ingredients to the skin. The development of the proposed serum is guided by the 

objective of achieving the following ideal characteristics: 

• Appearance and Clarity: The serum should be clear to translucent, free from any particulate matter or 

signs of precipitation, indicating proper solubilisation of all ingredients. 

 

• Colour: Initially, the serum should be colourless to a very pale yellow. A change in colour (e.g., to 

dark yellow or brown) is an indicator of Ascorbic Acid oxidation and product degradation. 

 

• Odour: The product should have a pleasant, characteristic aroma from the incorporated Rose Oil, 

without any discernible chemical or rancid odours. 

 

• Viscosity: The viscosity should be optimal for easy application—not overly aqueous (runny) nor 

excessively thick (tacky). A viscosity range of 500-1500 cP is generally desirable for a dropper 

application, allowing the product to spread easily and absorb without leaving a heavy residue. 

 

• pH: The pH must be strictly controlled within the acidic range of 3.0 to 3.5. This is the most critical 

parameter, as it governs the stability and bioavailability of L- Ascorbic Acid and the keratolytic 

efficacy of Salicylic Acid. 

 

• Homogeneity: The final product must be a uniform, single-phase solution, ensuring even distribution 

of active ingredients in every dose. 

 

• Stability: The serum must demonstrate robust physical, chemical, and microbiological stability 

throughout its intended shelf-life. It should resist changes in color, pH, viscosity, and active ingredient 

concentration under various storage conditions. 

 

• Skin Feel (Sensory Profile): Upon application, the serum should feel lightweight, absorb readily into 

the skin, and have a non-sticky, non-greasy finish. It should provide a feeling of hydration without 

being occlusive. 

 

• Efficacy and Safety: The serum must be effective in delivering its claimed benefits and be non-

irritating and non-sensitizing to the skin under normal use conditions. 
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Formulation Table 

The formula for the Vitamin C and Salicylic Acid serum was designed based on the functional role of 

each ingredient and established concentration ranges for efficacy and safety 

Table: 1 Proposed Formulation of the Serum 

Interpretation of Material and Justification of Formula 

• L-Ascorbic Acid (15%): This concentration is selected as it represents a potent level for significant 

antioxidant, collagen-boosting, and skin-brightening effects. It is a well- researched concentration that 

balances high efficacy with an acceptable potential for skin irritation in most users. 

• Salicylic Acid (2%): This is the maximum concentration permitted for over-the-counter (OTC) topical 

acne products in many jurisdictions, including the US FDA. It provides robust keratolytic and 

comedolytic efficacy for treating blackheads and pimples. 

• Propylene Glycol (15%): Used as the primary solvent for Salicylic Acid. At this concentration, it 

ensures complete solubilization while also acting as a penetration enhancer for Ascorbic Acid and a 

humectant to hydrate the skin. 

• Glycerine (5%): Included as a powerful humectant to counteract the potential drying effects of 

Salicylic Acid and the low pH of the formulation, ensuring the skin remains hydrated. 

• Citrate Buffer (1% total): The combination of Citric Acid and Sodium Citrate is critical to establish 

and maintain the pH at approximately 3.2, which is essential for the stability and function of both active 

ingredients. 

• Aloe Vera & Rose Oil: These botanical components are added at low concentrations to provide 

soothing, anti-inflammatory benefits, which help mitigate potential irritation from the actives, and to 

improve the product's sensory profile. 

• Phenoxyethanol (0.8%): A reliable, broad-spectrum preservative that is effective in acidic conditions, 

ensuring the safety of the aqueous formulation against microbial contamination. 

Method of Preparation 

              The serum is prepared using a systematic approach, with ingredients segregated into phases based 

on their solubility and stability characteristics. All operations should be conducted in a clean, sanitized 

environment, and exposure of the Ascorbic Acid solution to air and light should be minimized. 

Ingredient Name Category / Function Concentration (% w/w) 

L-Ascorbic Acid Antioxidant 15.00 

Salicylic Acid BHA, Keratolytic 2.00 

Propylene Glycol Solvent, Humectant, 

Penetration Enhancer 

15.00 

Glycerine Humectant 5.00 

Aloe Vera Extract Soothing Agent, Humectant 2.00 

Citric Acid Buffering Agent (Acid) 0.40 

Sodium Citrate Buffering Agent (Conjugate 

Base) 

0.60 

Rose Oil Fragrance, Soothing Agent 0.20 

Phenoxyethanol Preservative 0.80 

Purified Water Vehicle / Solvent q.s. To 100.00 
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Equipment: 

• Glass beakers 

• Magnetic stirrer and stir bars 

• Digital pH meter, calibrated 

• Weighing balance 

• Spatulas and pipettes 

 

Procedure: The formulation process is divided into four distinct phases. 

Phase A: The Aqueous Phase 

• In a main beaker, accurately weigh the required quantity of Purified Water. 

• While stirring with a magnetic stirrer, add the weighed quantities of Glycerine and Aloe Vera Extract. 

Mix until uniform. 

• Add the Citric Acid and Sodium Citrate to the mixture. Continue stirring until both are completely 

dissolved and the buffer solution is clear. 

 

Phase B: The Solvent/Salicylic Acid Phase 

• In a separate, smaller beaker, weigh the required quantity of Propylene Glycol. 

• Slowly add the weighed Salicylic Acid powder to the Propylene Glycol while stirring. 

• Gently warm the beaker to approximately 40°C if necessary to facilitate complete dissolution of the 

Salicylic Acid. Ensure all crystals are dissolved and the solution is clear before proceeding. 

• Allow the solution to cool back to room temperature. 

 

Phase C: The Active Vitamin C Phase 

• Crucial Step: Immediately before combination, weigh the L-Ascorbic Acid powder. 

• Add the Ascorbic Acid to the main beaker (Phase A) with vigorous stirring. Mix until it is completely 

dissolved. This step should be performed quickly to minimize oxidative degradation. The solution may 

require 2-3 minutes of stirring. 

 

Combination of Phases and Final Adjustments 

• Slowly add Phase B (Salicylic Acid/PG solution) to the main beaker containing Phase A+C while 

maintaining continuous, moderate stirring. 

• Continue mixing for 10-15 minutes to ensure the entire solution is homogenous. 

• Measure the pH of the final solution. It should be within the target range of 3.0-3.5. If necessary, adjust 

with a few drops of a 10% Citric Acid or Sodium Citratesolution. 

• Once the pH is confirmed, add the Phenoxyethanol (preservative) and the Rose Oil. 

• Stir for another 5 minutes until fully incorporated. 

• The final serum should be a clear, homogenous liquid. 

 

EVALUATION PARAMETERS 

            The successful formulation of a cosmeceutical product is not complete until it has undergone a 

rigorous and multi-faceted evaluation process. The evaluation phase is paramount to ensure that the 

developed Vitamin C and Salicylic Acid serum adheres to its predefined Quality Target Product Profile 

(QTPP). This comprehensive assessment is built upon three foundational pillars: Quality, Safety, and 

Efficacy. 

• Quality is assessed through a battery of physicochemical tests that confirm the product's identity, 

purity, consistency, and stability. 
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• Safety is confirmed through microbiological and dermatological testing to ensure the product is free 

from contamination and does not cause adverse skinreactions. 

• Efficacy is validated through clinical studies that provide scientific evidence for the serum's claimed 

therapeutic benefits. 

 

Physicochemical Evaluation 

             Physicochemical analysis provides a baseline characterization of the product and serves as a 

critical tool for monitoring its quality and stability throughout its shelf-life. 

 

Table: 1- Physicochemical Parameters for Serum Evaluation 

 

Parameter Description / Method Purpose 

 

 

Appearance 

Visual assessment of color, clarity, 

and homogeneity against a white and 

black background. May be quantified 

using a colorimeter (CIELAB scale). 

To check for physical uniformity 

and to detect signs of ingredient 

precipitation, incompatibility, 

or chemical Degradation (e.g., 

oxidation). 

 

 

Odor 

Olfactory assessment by a trained 

panel to confirm the characteristic 

fragrance and identify any aberrant 

Chemical or rancid odors. 

To ensure batch-to-batch 

sensory consistency and to 

detect potential degradation 

of oils or other raw materials. 

 

 

pH 

Measurement of the undiluted serum 

using a calibrated digital pH meter at a 

Controlled temperature of 25°C ± 1°C. 

To verify the pH is within the 

critical range (3.0-3.5) required 

for the stability, bioavailability, 

and efficacy of both Ascorbic 

and Salicylic Acid. 

 

Viscosity & 

Rheology 

Measurement of flow behavior using a 

rotational viscometer (e.g., Brookfield 

DV-II Pro) with a suitable spindle 

(e.g., SC4-18) at various shear rates 

(RPMs). 

To ensure the product has the 

desired consistency for elegant 

application and to characterize 

its flow behavior (e.g.,   

Newtonian,   shear- 

Thinning). 

 

Assay of Active Ingredients by HPLC 

An assay is performed to quantitatively determine if the concentration of active ingredients in the final 

product meets the label claim. High-Performance Liquid Chromatography (HPLC) is the gold standard for 

this analysis due to its specificity and accuracy. 

 

Principle and Methodology 

HPLC separates components of a mixture based on their differential partitioning between a stationary 

phase (the column) and a liquid mobile phase. A UV detector measures the absorbance of the eluting 

components at a specific wavelength, and the peak area is proportional to the concentration of the analyte. 
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Table: 2 Hypothetical HPLC Method for Simultaneous Assay 

 

 

Interpretation of Assay Results 

            The concentration of each active is calculated by comparing the peak area from the serum sample to 

the peak area of a known concentration standard. The acceptance criterion, as per general pharmaceutical 

guidelines, is typically 90.0% to 110.0% of the label claim. 

• Passing Result: An assay result of 14.25% w/w for Ascorbic Acid (label claim 15%) and 1.95% w/w 

for Salicylic Acid (label claim 2%) would fall within this range and be considered acceptable. 

• Failing Result: A result below 90% indicates under-formulation or, more critically for this product, 

significant degradation of the active ingredient. A result above 110% indicates over-formulation and a 

potential safety risk. 

Stability Studies: Stability testing is performed to determine the product's shelf-life by evaluating how its 

critical quality attributes change over time under the influence of various environmental factors. 

Table: 3 Stability Study Protocol (ICH Guidelines) 

  

Parameter Condition 

Instrument HPLC System with UV/Vis Detector 

Column C18 Reverse-Phase Column (e.g., 4.6 mm x 250 mm, 5 µm) 

Mobile Phase Isocratic elution with a mixture of Methanol and 20mM 

Potassium Dihydrogen Phosphate buffer (pH adjusted to 2.5 

with Orthophosphoric Acid) in a 60:40 v/v ratio. 

Flow Rate 1.0 mL/min 

Injection Volume 10 µL 

Detection Wavelength 245 nm for Ascorbic Acid; 296 nm for Salicylic Acid (or single 

wavelength at 270 nm for compromise) 

Column Temperature 30°C 

Study Type Storage Condition Test Intervals 

(Months) 

Parameters to be 

Tested 

Accelerated 

Stability 

40°C ± 2°C / 75% RH ± 5% 

RH 

0, 1, 2, 3, 6 Physicochemical 

parameters, Assay of 

Actives 

Real-Time 

Stability 

25°C ± 2°C / 60% RH ± 5% 

RH 

0, 3, 6, 9, 12, 18, 24 All parameters 

(Physicochemical, 

Assay, Microbial) 

Freeze-Thaw 

Cycling 

Cycle between -10°C and 25°C 

(24h each) for 3-5 

cycles 

After last cycle Appearance, pH, 

Viscosity 

Photostability Exposure to a controlled 

dose of UV/Vis light in a 

photostability chamber 

After exposure Appearance 

(color), Assay of Actives 
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Interpretation 

• Accelerated Stability: Significant changes (e.g., >5% drop in active concentration, pH shift outside the 

range, major color change) within 6 months suggest the product may not be stable for a typical 2-year 

shelf-life. This data is used for preliminary shelf-life prediction. 

• Real-Time Stability: This is the definitive test. The product must remain within all specifications for the 

entire study duration (e.g., 24 months) to claim that shelf-life. 

• Freeze-Thaw & Photostability: Passing these tests demonstrates the robustness of the formulation 

against temperature fluctuations during shipping/storage and exposure to light during use. 

Microbiological Evaluation 

         Microbiological evaluation is a critical safety assessment to ensure the formulation is adequately 

preserved against contamination during manufacturing and consumer use. Aqueous formulations with a pH 

below 4.0 are generally hostile to microbial growth.             However, the combination of low pH, chelating 

agents (Citric Acid), and a primary preservative (Phenoxyethanol) creates a robust "hurdle technology" 

system. This evaluation confirms the effectiveness of this system. 

 

Table: 4 Microbiological Limit Tests 

 

Test Purpose Acceptance Criteria 

Total Aerobic Microbial 

Count (TAMC) 

To quantify the total number of 

aerobic bacteria (e.g., using 

Tryptone Soy Agar). 

NMT 100 CFU/g or 

CFU/mL 

Total Yeast and Mold 

Count (TYMC) 

To quantify the total number of 

fungi (e.g., using Sabouraud 

Dextrose Agar). 

NMT 100 CFU/g or 

CFU/mL 

Test for Specified 

Pathogens 

To ensure the absence of highly 

infectious microorganisms using 

selective media. 

Must be absent in 1 g or 1 

mL 

 

RESULT AND DISCUSSION 

Anti-Acne and Exfoliating Efficacy 

The anti-acne and exfoliating efficacy of the serum was found to be significant. Clinical evaluation and 

user feedback reported a visible reduction in both open comedones (blackheads) and inflammatory lesions 

(pimples). Furthermore, a noticeable improvement in overall skin texture and smoothness was observed. 

This can be attributed to the keratolytic and comedolytic properties of Salicylic Acid. As a lipophilic Beta 

Hydroxy Acid (BHA), it effectively penetrates the sebaceous environment of the pores to dissolve the 

mixture of dead skin cells and sebum that leads to congestion. This exfoliating action within the pore lining 

clears existing blemishes and prevents the formation of new ones, resulting in clearer and smoother skin. 

Anti-Aging and Skin Brightening Effects 

The serum demonstrated measurable anti-aging and skin-brightening benefits. Instrumental analysis 

showed a reduction in the appearance of fine lines and an increase in skin firmness over the study period. 

Additionally, a visible fading of hyperpigmented spots and an overall improvement in skin luminosity and 

tone were recorded. These effects are primarily driven by the multi-functional role of L-Ascorbic Acid. Its 

ability to act as an essential cofactor in collagen synthesis enhances the skin's structural support, thereby 

reducing wrinkles and improving elasticity. Simultaneously, its function as a tyrosinase inhibitor slows 
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down the production of melanin, which is responsible for dark spots. This dual-action mechanism 

effectively targets the key signs of photoaging, leading to a firmer, brighter, and more even-toned 

complexion. 

Antioxidant Activity and Skin Protection 

The formulation exhibited potent antioxidant activity, providing robust protection against environmental 

damage. This action is crucial for preventing the premature signs of aging caused by oxidative stress. The 

high concentration of L-Ascorbic Acid serves as a powerful free-radical scavenger. It donates electrons to 

neutralize reactive oxygen species (ROS) generated by external aggressors such as UV radiation and 

pollution. By protecting skin cells from this oxidative damage, the serum helps preserve the integrity of 

collagen and elastin fibers, maintaining the skin’s youthful appearance and overall health. 

 

SUMMARY AND CONCLUSION 

Summary of Formulation Rationale and Development 

The foundation of this research was the strategic selection of two highly effective active ingredients with 

complementary mechanisms of action. 

• L-Ascorbic Acid (Vitamin C) was chosen for its multifaceted role as a potent antioxidant, an essential 

cofactor for collagen synthesis, and an inhibitor of the tyrosinase enzyme. These properties make it the 

gold standard for protecting against photoaging, reducing the appearance of fine lines and wrinkles, and 

correcting hyperpigmentation. 

• Salicylic Acid, a lipophilic Beta Hydroxy Acid (BHA), was selected for its unique ability to penetrate 

sebaceous follicles. Its keratolytic and comedolytic actions are highly effective in exfoliating the pore 

lining, thereby treating and preventing acne lesions such as blackheads and pimples. 

            The principal challenge in combining these actives was their pH-dependent nature. L- Ascorbic 

Acid is notoriously unstable and requires a highly acidic environment (pH < 3.5) for optimal stability and 

percutaneous absorption. Salicylic Acid also functions most effectively as an exfoliant in a low pH range. 

             To address this, a meticulous formulation strategy was employed. The final serum was an aqueous 

base incorporating a robust citrate buffer system (Citric Acid and Sodium Citrate), which served as the 

cornerstone of the formulation. This buffer was designed to establish and maintain the serum's pH within 

the narrow, critical range of 3.0-3.5. Furthermore, propylene glycol was utilized as a key excipient to 

effectively solubilize the poorly water-soluble Salicylic Acid, while humectants like glycerine and soothing 

agents like Aloe Vera and Rose Oil were included to ensure the final product was hydrating and well-

tolerated by the skin. 

 

Summary of Preparation and Evaluation Methodology 

                  The serum was successfully prepared using a systematic, phase-based manufacturing process. 

Key procedural controls included the dissolution of Salicylic Acid in a separate solvent phase and the 

addition of the highly reactive L-Ascorbic Acid in the final stages to minimize its exposure to oxidative 

conditions. Following its preparation, the formulated serum was subjected to a comprehensive panel of 

evaluation tests to assess its quality, safety, and stability, as per standard cosmeceutical guidelines. The 

evaluation protocol included: 

• Physicochemical Analysis: Assessment of appearance, color, odor, pH, viscosity, and specific gravity 

to ensure the product met its physical specifications. 

• Assay of Active Ingredients: Quantitative analysis using High-Performance Liquid Chromatography 

(HPLC) to verify that the concentration of L-Ascorbic Acid and Salicylic Acid was within the 

acceptable limits of the label claim. 

• Stability Studies: The serum was subjected to accelerated stability testing (40°C / 75% RH for 6 

months), freeze-thaw cycling, and photostability tests to predict its shelf-life and robustness under 

various stress conditions. 
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• Microbiological Evaluation: Microbial limit tests and a preservative efficacy challenge test (PET) were 

performed to confirm the product's safety from contamination and the effectiveness of the preservative 

system. 

• Safety and Sensory Evaluation: A dermatological patch test was conducted to assess irritation potential, 

and a sensory panel evaluated the product for its cosmetic elegance and user acceptability. 

 

Summary of Key Findings 

The formulated serum successfully passed all evaluation tests, and the key findings are summarized as 

follows: 

• Physicochemical Properties: The final product was a clear, pale yellow, homogenous liquid with a pH 

of 3.25, which is ideal for the stability and efficacy of both actives. The viscosity and sensory profile 

were found to be cosmetically elegant and suitable for a topical serum. 

• Active Content: The HPLC assay confirmed the potency of the serum, with the content of L-Ascorbic 

Acid determined to be 14.85% w/w and Salicylic Acid determined to be 1.96% w/w. Both values are 

well within the acceptable 90-110% range of the intended concentrations. 

• Stability: The serum demonstrated excellent stability. Under accelerated conditions, the loss of L-

Ascorbic Acid was less than 10% after 6 months, and the physical characteristics remained unchanged. 

This result strongly predicts a stable shelf-life of at least 24 months under normal storage conditions in 

protective packaging. 

• Safety and Microbiology: The serum was found to be free of microbial contamination, and the 

preservative system passed the challenge test, confirming its robustness. Dermatological safety tests 

indicated the product was non-irritating. 

• Sensory Profile: The serum was well-received by the sensory panel, scoring highly for its non-sticky 

feel, rapid absorption, and smooth after-feel, confirming its high consumer acceptability. 

 

Discussion of Findings 

       The results of this study are highly significant, as they demonstrate the successful creation of a 

complex, multi-active formulation that overcomes notable chemical challenges. The achievement of a 

stable product containing 15% L-Ascorbic Acid is, in itself, a difficult task. Achieving this in the presence 

of another acid, while maintaining a specific and narrow pH window, underscores the success of the 

formulation strategy. The findings confirm that the citrate buffer system was the most critical element, 

effectively locking the pH in the optimal range. This, in turn, prevented the rapid oxidative degradation of 

L-Ascorbic Acid and maintained the free-acid availability of Salicylic Acid, ensuring both actives could 

perform their intended functions. The assay results validate that the manufacturing process was precise and 

did not compromise the integrity of the ingredients. The positive stability data suggests that the formulation 

is robust enough for commercial viability. The minimal degradation of Vitamin C under stressful 

conditions is a key success factor, indicating that the consumer will receive a potent product that remains 

effective throughout its period of use. The confirmation of microbial and dermatological safety ensures that 

the product meets the fundamental requirements for any topical preparation. 

 

Conclusion 

                 The primary aim of the study was successfully achieved. A stable, safe, and cosmetically elegant 

topical serum containing 15% L-Ascorbic Acid and 2% Salicylic Acid were developed. The final 

formulation demonstrated excellent physicochemical properties, with a critical pH of 3.25 that ensures the 

stability and efficacy of both active ingredients. The product exhibited robust stability under accelerated 

test conditions, projecting a commercially viable shelf-life of at least 24 months. The serum was confirmed 

to be free from microbial contamination and safe for topical application. It is therefore concluded that the 

developed serum is a high-quality formulation that possesses all the necessary attributes to be an effective, 

multi-functional agent for the management of wrinkles, acne, dark spots, and for the promotion of overall 

skin brightness and health. 
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