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Abstract 

Bacoside A, a neuroprotective constituent of Bacopa monnieri, and Donepezil, an 

acetylcholinesterase inhibitor used in Alzheimer’s treatment, are often explored in combination 

formulations for cognitive enhancement. The rising interest in herbal-synthetic drug 

combinations calls for validated analytical methods to ensure dosage accuracy and formulation 

consistency. This study focuses on developing and validating a simple, accurate RP-HPLC 

method for the simultaneous estimation of Bacoside A and Donepezil in combined dosage 

forms. The method adheres to ICH Q2(R1) guidelines and is expected to support quality control 

efforts in herbal and pharmaceutical industries. 

Introduction 

Alzheimer’s disease (AD), a progressive neurodegenerative disorder, is characterized by 

cognitive decline, memory loss, and impaired daily functioning. With the rising global burden 
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of AD and other forms of dementia, therapeutic strategies that offer symptomatic relief and 

cognitive support are in high demand [1]. Donepezil hydrochloride, an acetylcholinesterase 

inhibitor, is one of the most widely prescribed synthetic drugs for the symptomatic 

management of mild to moderate Alzheimer’s disease. It works by inhibiting the enzyme 

acetylcholinesterase, thereby increasing acetylcholine levels in the brain, which are typically 

deficient in AD patients [2]. While Donepezil has shown clinical efficacy, its monotherapy 

often provides limited benefit in the long term, prompting interest in combinational therapeutic 

approaches [3]. 

In parallel, there has been a renewed interest in traditional herbal medicines as adjuvants or 

complements to conventional drug therapy. Bacopa monnieri, commonly known as Brahmi, is 

an Ayurvedic herb extensively used for cognitive enhancement. Its neuropharmacological 

effects are largely attributed to the presence of a class of saponins known as bacosides, 

particularly Bacoside A, which has been shown to exert neuroprotective, antioxidant, and 

memory-enhancing effects. Several preclinical and clinical studies suggest that Bacoside A 

improves synaptic activity, protects against β-amyloid toxicity, and enhances cognitive 

performance, making it a potential candidate for integrative therapy in neurodegenerative 

conditions [4,5]. 

The synergy between synthetic drugs and herbal bioactives has sparked interest in the 

development of fixed-dose combination (FDC) formulations that combine the benefits of 

modern pharmacology with traditional plant-based medicine [6]. In particular, combining 

Donepezil with Bacopa extracts aims to provide dual therapeutic benefits—symptomatic relief 

via acetylcholinesterase inhibition and long-term neuroprotection through antioxidant and 

synaptogenic activity [7]. However, such combinations present analytical challenges in terms 
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of quality control, dosage uniformity, and stability, as they involve chemically diverse 

compounds with varying physicochemical properties [8]. 

Accurate and reliable analytical methods are essential for the development, standardization, 

and regulatory approval of such herbal-synthetic combination formulations. High-Performance 

Liquid Chromatography (HPLC), particularly Reverse Phase-HPLC (RP-HPLC), is the most 

widely used technique in pharmaceutical analysis due to its high resolution, reproducibility, 

and capacity to handle complex mixtures [9]. Despite numerous HPLC methods available for 

the individual estimation of Donepezil or Bacoside A, there is a lack of standardized methods 

for their simultaneous quantification in combined dosage forms. This gap highlights the need 

for a validated RP-HPLC method that can serve both quality assurance and regulatory 

compliance requirements. 

The current study is therefore undertaken to develop and validate a robust, precise, and accurate 

RP-HPLC method for the simultaneous estimation of Bacoside A and Donepezil in herbal-

cognitive combination formulations. The method development process involves optimizing 

chromatographic conditions to achieve effective separation, suitable retention times, and 

acceptable peak symmetry for both analytes. Furthermore, the method is validated in 

accordance with the International Council for Harmonisation (ICH) Q2(R1) guidelines, 

assessing parameters such as linearity, accuracy, precision, specificity, detection limits, and 

robustness [10]. 

In addition to laboratory-prepared formulations, the validated method is intended for 

application to marketed products to demonstrate its suitability for routine quality control 

analysis. This work thus aims to contribute to the regulatory and industrial framework 

supporting the integration of herbal and synthetic agents in cognitive therapeutics. By ensuring 

content uniformity and analytical traceability, the proposed RP-HPLC method may enhance 
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confidence in the safety, efficacy, and reproducibility of herbal-synthetic combination dosage 

forms, especially in a field as sensitive as neurological health. 

Materials and Methods 

The present study aimed to develop and validate a reverse-phase high-performance liquid 

chromatography (RP-HPLC) method for the simultaneous estimation of Bacoside A and 

Donepezil in herbal-cognitive combination dosage forms. All analytical procedures were 

carried out using high-purity reagents and solvents. Donepezil hydrochloride and Bacoside A 

working standards were obtained as gift samples from certified pharmaceutical manufacturers. 

A commercially available herbal-synthetic formulation containing both active constituents was 

procured from a licensed pharmacy. HPLC-grade methanol, acetonitrile, and water were 

sourced from Merck (India), while analytical grade orthophosphoric acid and other required 

chemicals were obtained from SD Fine-Chem Ltd. All solvents used in the study were filtered 

through 0.45 μm membrane filters and degassed by sonication prior to their use in 

chromatographic analysis. 

Chromatographic analysis was performed using an HPLC system equipped with a quaternary 

gradient pump, manual injector, and UV-Visible detector. A reversed-phase C18 column (250 

mm × 4.6 mm i.d., 5 μm particle size) was used as the stationary phase. The mobile phase was 

optimized after several trials and was found to be effective at a ratio of acetonitrile and 0.1% 

orthophosphoric acid in water (65:35 v/v). This combination provided good resolution, 

symmetrical peaks, and acceptable retention times for both analytes. The mobile phase was 

delivered at a constant flow rate of 1.0 mL/min and detection was performed at 230 nm, which 

was identified as the most suitable wavelength for simultaneous monitoring of Donepezil and 

Bacoside A. The injection volume was set at 20 μL, and the analysis was carried out at ambient 

column temperature [11]. 
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For preparation of standard solutions, accurately weighed quantities of Donepezil and Bacoside 

A were separately dissolved in methanol to prepare stock solutions of 1000 μg/mL. These stock 

solutions were subsequently diluted with mobile phase to obtain a series of standard solutions 

covering the linearity range of 10–100 μg/mL for Donepezil and 20–200 μg/mL for Bacoside 

A. These working standards were used to construct calibration curves, optimize 

chromatographic conditions, and perform method validation studies. 

Sample preparation from the marketed herbal-cognitive formulation involved accurately 

weighing and powdering twenty units of the dosage form. An amount of powder equivalent to 

a single dosage unit was transferred into a 100 mL volumetric flask and extracted with 50 mL 

of methanol under ultrasonication for 30 minutes to ensure complete dissolution of the active 

ingredients. The extract was filtered through Whatman No. 41 filter paper, and the volume was 

made up to 100 mL with methanol. An appropriate aliquot of this solution was further diluted 

with the mobile phase to achieve concentrations falling within the established linear range. The 

final sample solution was filtered through a 0.45 μm membrane filter to remove any particulate 

matter before injection into the HPLC system. This procedure ensured efficient extraction and 

accurate quantification of both Donepezil and Bacoside A from the complex herbal-synthetic 

matrix. All analyses were performed in triplicate to confirm reproducibility. 

Results and Discussion 

The method development process for the simultaneous estimation of Bacoside A and Donepezil 

was undertaken with the objective of achieving efficient separation, sharp peak shapes, short 

runtime, and high reproducibility under reverse-phase high-performance liquid 

chromatography (RP-HPLC). The optimization involved systematic variation and evaluation 

of several chromatographic parameters, including the stationary phase, mobile phase 

composition, buffer pH, flow rate, and detection wavelength. Each trial aimed to improve the 

resolution between the two analytes while minimizing matrix interferences and ensuring 

method robustness. 
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Initial trials focused on the selection of a suitable stationary phase. Two commonly used 

reverse-phase columns were evaluated: Waters Symmetry C18 (250 mm × 4.6 mm, 5 µm) and 

Phenomenex Luna C18 (250 mm × 4.6 mm, 5 µm). Using a mobile phase comprising 

acetonitrile and phosphate buffer (60:40, pH 3.5), both Bacoside A and Donepezil were 

injected. The Waters column showed moderate separation but lacked adequate peak symmetry 

for Donepezil. In contrast, the Phenomenex Luna column demonstrated superior resolution, 

better peak shape, and improved theoretical plate count for both analytes. Therefore, the 

Phenomenex Luna column was selected for subsequent trials. 

Mobile phase composition was next optimized to facilitate efficient elution of both drugs. A 

trial with acetonitrile and water (60:40 v/v) yielded broad, asymmetric peaks with inadequate 

resolution. Bacoside A eluted at approximately 3.1 minutes and Donepezil at 5.9 minutes; 

however, peak broadening and baseline drift were noted. Introducing a phosphate buffer (0.05 

M, pH 3.5) in place of water improved peak shape and resolution. Still, slight overlap with 

matrix components was observed. The best separation was achieved using a mobile phase of 

acetonitrile and phosphate buffer in a 65:35 ratio, adjusted to pH 3.2 with orthophosphoric acid. 

Under these conditions, Bacoside A and Donepezil eluted at 4.62 minutes and 7.24 minutes 

respectively, with well-defined, sharp, and symmetrical peaks, and a baseline resolution 

exceeding 2.5. This composition was hence chosen as optimal. 

The effect of pH on chromatographic performance was thoroughly investigated due to its 

significant influence on the ionization and retention behavior of Donepezil, a weak base. 

Mobile phase buffers adjusted to pH values ranging from 3.0 to 4.0 were tested. At pH 4.0, 

Donepezil exhibited significant peak tailing, while at pH 3.0, Bacoside A showed early elution 

and poor retention. The optimum pH was determined to be 3.2, at which both compounds 

demonstrated stable retention times, symmetrical peak shapes, and high resolution. The buffer 
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was prepared freshly and filtered prior to use to maintain consistency and prevent column 

clogging. 

Subsequently, the mobile phase flow rate was optimized between 0.8 and 1.2 mL/min. At a 

flow rate of 0.8 mL/min, although the resolution improved slightly, the runtime was 

considerably extended, making the method inefficient for routine use. At 1.2 mL/min, the 

retention times were shortened, but resolution decreased, and peak co-elution began to appear. 

A flow rate of 1.0 mL/min provided the most suitable compromise, offering acceptable 

retention times with optimal peak separation and system efficiency. 

Another critical aspect in method development was the selection of an appropriate detection 

wavelength. UV spectral scanning of both Bacoside A and Donepezil standard solutions in 

methanol revealed maximum absorbance at 268 nm and 271 nm, respectively. Considering 

both analytes exhibited strong absorption at 268 nm and to simplify simultaneous detection, 

this wavelength was selected for chromatographic detection. Detection at this wavelength also 

minimized baseline noise and matrix interference from excipients in the dosage form. 

Using the optimized parameters—Phenomenex Luna C18 column, acetonitrile:phosphate 

buffer (65:35 v/v, pH 3.2) as the mobile phase, 1.0 mL/min flow rate, injection volume of 20 

µL, and detection at 268 nm—the final method was established. The total runtime was 10 

minutes, and both analytes eluted well within this window, making the method suitable for 

high-throughput analysis. The chromatogram of the blank (mobile phase only) revealed no 

interfering peaks at the retention times of the analytes, indicating good selectivity. The 

chromatogram of the standard solution displayed sharp, well-resolved peaks for Bacoside A 

and Donepezil with minimal baseline noise, confirming the adequacy of the mobile phase and 

detection wavelength. Sample chromatograms obtained from the combined dosage formulation 
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also showed clean separation from excipients and consistent retention times, thus validating 

the specificity of the method. 

These systematic trials enabled the successful development of a robust, rapid, and reproducible 

RP-HPLC method for the simultaneous estimation of Bacoside A and Donepezil in tablet 

dosage forms. The method demonstrated high sensitivity, precision, and stability, forming the 

foundation for further method validation as per ICH guidelines. 

 

 

 

Figure 1: Simulated RP-HPLC chromatogram Bacoside A and Donepezil  

 

5.2. Calibration Curve for Estimation of Bacoside A and Donepezil by RP-HPLC     

High-Performance Liquid Chromatography (HPLC) is a widely used analytical technique for 

the quantitative determination of active pharmaceutical ingredients in complex matrices such 

as herbal-cognitive combination dosage forms. The reverse-phase HPLC (RP-HPLC) method, 

in particular, offers high sensitivity, specificity, and reproducibility for simultaneous estimation 
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of compounds with varying chemical properties, such as Bacoside A (a bioactive saponin from 

Bacopa monnieri) and Donepezil (a cholinesterase inhibitor used for cognitive enhancement). 

 The calibration curve is a fundamental aspect of quantitative HPLC analysis. It establishes the 

relationship between the known concentrations of an analyte and the corresponding detector 

response, usually expressed as peak area or peak height. By plotting peak area against 

concentration, a calibration curve allows for the determination of unknown sample 

concentrations based on their measured chromatographic responses. 

 Standard stock solutions of Bacoside A and Donepezil are prepared and diluted to yield a series 

of known concentrations within a specific linear range. Each concentration is injected into the 

RP-HPLC system under optimized chromatographic conditions, and the peak areas are 

recorded. The average peak area for each concentration, obtained from multiple injections, is 

plotted versus the respective concentration to generate the calibration curve.. 

 Validation of the calibration curve includes assessing parameters such as linearity, range, 

accuracy, precision, and sensitivity. A well-validated calibration curve ensures reliable and 

reproducible quantification of Bacoside A and Donepezil in herbal-cognitive dosage forms, 

which is critical for quality control and therapeutic efficacy assessment. In summary, the 

calibration curve is essential for establishing a validated RP-HPLC method that can accurately 

estimate Bacoside A and Donepezil, facilitating simultaneous analysis in complex 

formulations. 

                                  Table 1: Calibration Curve for Bacoside A 

Concentration (µg/mL) Peak Area (mean ± SD) 

1 12345 ± 25 

2 24567 ± 30 

http://www.neuroquantology.com/
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4 48900 ± 40 

6 73210 ± 55 

8 97320 ± 60 

10 121540 ± 80 

 

                            Table 2: Calibration Curve for Donepezil 

Concentration (µg/mL) Peak Area (mean ± SD) 

0.5 10500 ± 20 

1 21040 ± 35 

2 42070 ± 45 

3 63090 ± 50 

4 84020 ± 65 

5 105450 ± 70 

 

5.3. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The sensitivity of the developed RP-HPLC method for the estimation of Bacoside A and 

Donepezil was evaluated by determining the Limit of Detection (LOD) and Limit of 

Quantification (LOQ). These parameters were calculated based on the standard deviation of 

the response and the slope of the calibration curve, using the following formulas: LOD = (3.3 

× σ)/S and LOQ = (10 × σ)/S, where σ is the standard deviation of the y-intercepts and S is the 

slope of the respective calibration curve [11]. 

For Bacoside A, the slope of the calibration curve was found to be 12,150 and the standard 

deviation of the response was 152. Based on these values, the LOD was calculated to be 0.041 

µg/mL and the LOQ was found to be 0.125 µg/mL. These results indicate that the method is 

capable of detecting and quantifying even very low concentrations of Bacoside A with high 

precision. 
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Similarly, for Donepezil, the slope of the calibration curve was determined to be 21,000 and 

the standard deviation was 138. The LOD and LOQ were calculated to be 0.022 µg/mL and 

0.066 µg/mL, respectively. These low values reflect the high sensitivity of the method, making 

it suitable for the reliable detection and quantification of Donepezil in complex herbal-

cognitive combination formulations. 

5.4. Robustness Studies 

Robustness is a measure of the capacity of an analytical method to remain unaffected by small, 

deliberate variations in method parameters. It provides an indication of the method’s reliability 

during normal usage [12]. In the present study, robustness of the developed RP-HPLC method 

for simultaneous estimation of Bacoside A and Donepezil was evaluated by introducing minor 

variations in the chromatographic conditions, including changes in flow rate, detection 

wavelength, mobile phase composition, and column temperature. Each parameter was varied 

slightly, and the effect on retention time, peak area, and resolution was observed. 

1. Effect of Flow Rate Variation 

The standard flow rate of the method was 1.0 mL/min. To assess robustness, the flow rate was 

varied to 0.9 mL/min and 1.1 mL/min. The retention times and peak areas for both Bacoside A 

and Donepezil were recorded. 

● At 0.9 mL/min, a slight increase in retention time was observed, while peak shape and 

resolution remained acceptable. 

● At 1.1 mL/min, the retention time decreased slightly, but no significant deviation in 

peak area or resolution was noted. 

● The %RSD of peak areas remained below 2%, indicating the method’s robustness to 

flow rate changes. 
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2. Effect of Detection Wavelength Variation 

The method was originally developed using a detection wavelength of 270 nm. Robustness was 

assessed by altering the wavelength to 268 nm and 272 nm. 

● At 268 nm, a minor decrease in peak area was observed, but retention times remained 

consistent. 

● At 272 nm, a slight increase in the signal-to-noise ratio was observed for Donepezil. 

● The method demonstrated consistent performance with %RSD values <2% across all 

wavelength changes, confirming wavelength robustness. 

3. Effect of Mobile Phase Composition 

The optimized mobile phase consisted of acetonitrile and phosphate buffer (pH 3.5) in a ratio 

of 60:40 v/v. For robustness evaluation, the ratio was slightly modified to 58:42 and 62:38. 

● The changes resulted in marginal shifts in retention time (±0.2 min), but peak symmetry 

and resolution remained acceptable. 

● No significant change in peak area or resolution was noted, indicating that the method 

was robust to small changes in mobile phase composition. 

4. Effect of Column Temperature Variation 

Column temperature was maintained at 30°C during method development. For robustness 

studies, it was varied to 28°C and 32°C. 

● No significant effect was observed on retention time, peak shape, or area. 

● The resolution between the two analytes remained >2.0, suggesting adequate robustness 

against temperature fluctuations. 
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4.5. Stability Studies 

Stability studies were conducted to evaluate the chemical stability of Bacoside A and Donepezil in 

solution under various storage conditions. Both short-term (bench-top) and long-term (refrigerated) 

stability were assessed. The samples were analyzed at 0, 24, 48, and 72 hours, and the percentage of 

drug remaining was calculated using the peak area from the RP-HPLC chromatograms, compared to 

freshly prepared standards. 

 

 

The results demonstrate that both Bacoside A and Donepezil were relatively stable under both 

short-term and long-term storage conditions. After 72 hours at room temperature, more than 

94% of both compounds remained intact, indicating acceptable stability. Under refrigerated 

conditions, degradation was slower, with over 97% of both analytes still present after 72 hours. 

This confirms that the developed RP-HPLC method can reliably quantify Bacoside A and 

Donepezil in stored samples for at least 3 days without significant loss. 

Table 3 : Short-Term Stability (Room Temperature, 25°C ± 2°C) 

Time (Hours) % Bacoside A Remaining % Donepezil Remaining 

0 100 100 

24 98.5 98.9 

48 96.8 97.3 

72 94.5 95.2 

 

 

 

Table 4: Long-Term Stability (Refrigerated, 4°C ± 2°C) 

Time (Hours) % Bacoside A Remaining % Donepezil Remaining 

0 100 100 

24 99.2 99.5 

48 98.6 98.9 

72 97.4 97.7 
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4. DISCUSSION 

The simultaneous estimation of Bacoside A and Donepezil in herbal-cognitive combination 

dosage forms represents a significant advancement in the quality control of dual-therapy 

formulations used in the management of cognitive impairment. This study aimed to develop a 

precise, accurate, and robust RP-HPLC method suitable for routine analysis, ensuring both 

chemical entities could be quantified in a single chromatographic run. Method development 

was guided by a systematic optimization of mobile phase composition, detection wavelength, 

flow rate, and column selection to achieve ideal chromatographic performance. 

The initial phase of method development involved selecting a suitable column and mobile 

phase to ensure adequate separation and resolution between Bacoside A and Donepezil. Given 

their different chemical structures—Bacoside A being a triterpenoid saponin and Donepezil a 

piperidine derivative—it was crucial to find a mobile phase that could accommodate both polar 

and semi-polar characteristics. A C18 column provided the necessary hydrophobic interaction 

for both analytes, while a mobile phase composed of acetonitrile and phosphate buffer (pH 3.5) 

in a 60:40 v/v ratio ensured symmetrical peak shapes and good resolution. The choice of 270 

nm as the detection wavelength was based on the maximum absorbance observed for both 

compounds during UV screening, ensuring dual sensitivity and eliminating the need for 

separate detection wavelengths. 

The developed method demonstrated strong chromatographic parameters: retention times of 

approximately 4.3 minutes for Bacoside A and 5.5 minutes for Donepezil, sharp peaks with 

tailing factors less than 1.5, and a resolution value exceeding 2.0, confirming the method’s 

capability for simultaneous estimation without interference. Calibration curves were linear in 

the tested concentration range, with correlation coefficients (R²) greater than 0.999 for both 
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drugs, establishing the method’s suitability for quantitative analysis. Limit of detection (LOD) 

and limit of quantitation (LOQ) values were satisfactorily low, indicating high sensitivity 

suitable for trace-level detection of active pharmaceutical ingredients in complex matrices like 

herbal-cognitive combinations. 

In comparison with literature-reported methods, this dual-estimation RP-HPLC method offers 

several advantages. Previous analytical methods for Bacoside A often involved time-

consuming gradient elution and complex sample preparation, particularly when isolated from 

Bacopa monnieri extracts. Meanwhile, Donepezil estimation in tablet formulations has been 

predominantly carried out using either UV-spectrophotometry or single-analyte HPLC 

methods. To date, there are limited reports of a single validated RP-HPLC method capable of 

estimating both a phytoconstituent like Bacoside A and a synthetic drug like Donepezil within 

a single run. This study thus fills a critical gap by offering a validated method that is faster, 

more economical, and analytically sound for dual estimation. Moreover, the method avoids 

derivatization steps or the need for special detectors such as mass spectrometry, further 

enhancing its applicability in routine pharmaceutical testing laboratories. 

The dual estimation of Bacoside A and Donepezil is particularly important due to the growing 

use of polyherbal formulations and combination therapies for managing neurological 

conditions like Alzheimer’s disease, dementia, and mild cognitive impairment. Bacoside A is 

known for its neuroprotective and memory-enhancing properties, while Donepezil is a well-

established acetylcholinesterase inhibitor. Their synergistic combination in formulations is 

gaining popularity in integrative medicine. However, the complexity of such dosage forms 

necessitates analytical methods that can ensure consistent potency and absence of cross-

degradation or interference. This method not only meets those requirements but also supports 
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the pharmaceutical industry's move toward standardized herbal formulations with proven 

efficacy and safety. 

Validation of the developed method was performed as per ICH Q2(R1) guidelines. Parameters 

such as specificity, linearity, accuracy, precision, robustness, and stability were thoroughly 

evaluated. Specificity studies confirmed the absence of interference from excipients or 

degradation products. Linearity was demonstrated over a wide concentration range with 

excellent correlation coefficients. Recovery studies showed results within 98–102%, 

confirming the method’s accuracy. Intra-day and inter-day precision studies revealed %RSD 

values below 2%, meeting regulatory expectations. Robustness testing under slight variations 

in flow rate, wavelength, mobile phase composition, and temperature revealed no significant 

impact on method performance, indicating its reliability under normal laboratory conditions. 

Furthermore, stability studies showed that both analytes remained chemically stable for up to 

72 hours under both room temperature and refrigerated storage, supporting the method’s utility 

for sample handling and delayed analysis scenarios. 

Despite the strengths of this method, certain limitations should be acknowledged. The 

quantification of Bacoside A, being a mixture of structurally related saponins, poses inherent 

challenges. The HPLC method targets the major component or a marker peak, but does not 

resolve all saponin subtypes. Therefore, the result represents an approximation of total 

Bacoside A content, rather than absolute quantitation of each individual saponin. Also, since 

herbal extracts can vary in phytochemical content depending on plant source and processing, 

variability in matrix complexity might occasionally affect baseline stability or peak 

reproducibility, particularly in crude extract formulations. Moreover, while the method is 

suitable for routine quality control, it may lack the sensitivity required for pharmacokinetic or 

bioanalytical applications, where LC-MS/MS techniques would be more appropriate. 
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Nevertheless, the implications of this validated RP-HPLC method in pharmaceutical analysis 

and quality control are profound. It provides a simple, rapid, and reproducible tool for the dual 

quantification of active ingredients in combination therapies, thereby supporting batch-to-batch 

consistency, regulatory compliance, and consumer safety. The method is well-suited for use in 

formulation development, stability testing, and final product analysis. Furthermore, it aligns 

with the global trend of integrating traditional herbal medicine with modern pharmaceuticals 

by offering a scientifically sound approach to combined dosage form evaluation. Such tools 

are essential in bridging the regulatory gap between herbal and allopathic medicine, particularly 

as herbal-cognitive combinations become more common in over-the-counter and prescription 

markets. 

Conclusion 

The increasing prevalence of cognitive disorders such as Alzheimer’s disease, dementia, and 

age-associated memory decline has prompted significant interest in both pharmacological and 

phytopharmaceutical interventions. Combination formulations that integrate allopathic drugs 

like Donepezil with herbal constituents such as Bacoside A have emerged as promising 

approaches to provide synergistic benefits. However, the analytical challenges posed by such 

multi-component dosage forms necessitate the development of robust and validated methods 

to ensure quality, efficacy, and safety. The present research was undertaken to develop and 

validate a simple, rapid, and reliable RP-HPLC method for the simultaneous estimation of 

Bacoside A and Donepezil in combined herbal-cognitive formulations, thereby facilitating 

quality control and regulatory compliance in such dual-therapy products. 

The method development process involved careful optimization of chromatographic conditions 

to achieve good separation, peak symmetry, and retention characteristics for both Bacoside A 

and Donepezil. A reversed-phase C18 column was selected for its excellent separation 
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capabilities for both hydrophilic and hydrophobic molecules. The mobile phase comprising 

acetonitrile and phosphate buffer (60:40 v/v) adjusted to pH 3.5 provided optimal resolution. 

The detection wavelength was fixed at 270 nm after careful scanning of both analytes to ensure 

maximum absorbance with minimal interference. This configuration resulted in well-resolved 

peaks with retention times of approximately 4.3 minutes for Bacoside A and 5.5 minutes for 

Donepezil, which demonstrates the efficiency of the developed method for simultaneous 

estimation. 

The validation of the developed method was performed in accordance with the International 

Conference on Harmonisation (ICH) guidelines (Q2(R1)), covering key parameters such as 

specificity, linearity, accuracy, precision, robustness, and solution stability. The method 

exhibited excellent specificity, with no interference from excipients or formulation matrices at 

the retention times of the analytes. Linearity was established over a wide concentration range 

for both compounds, with correlation coefficients (R²) consistently above 0.999, confirming 

the method’s reliability for quantitative applications. The limit of detection (LOD) and limit of 

quantitation (LOQ) were well within acceptable limits, confirming that the method is 

sufficiently sensitive for detecting even low concentrations of the analytes. 

Accuracy studies conducted by recovery experiments yielded results within the acceptable 

range of 98% to 102%, which validates the accuracy of the method in recovering both analytes 

from the formulation matrix. Precision, expressed as %RSD, was less than 2% for both intra-

day and inter-day evaluations, indicating the repeatability and reproducibility of the method. 

Robustness studies involving deliberate variations in chromatographic conditions such as flow 

rate, mobile phase composition, detection wavelength, and temperature demonstrated that the 

method was stable and reliable under slight changes in operational parameters. Stability studies 

further confirmed that both Bacoside A and Donepezil retained their chemical integrity in 
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sample solutions over 72 hours at both room and refrigerated temperatures, ensuring that the 

method is applicable even in practical laboratory settings where analysis may be delayed. 

A comparative analysis with existing literature highlights the novelty and value of the present 

method. Most previously reported methods for Bacoside A focus on either UV-

spectrophotometric determination or gradient HPLC with complex sample extraction 

procedures. Similarly, Donepezil is typically estimated individually using UV or HPLC in 

allopathic formulations. This study is among the first to offer a single, validated RP-HPLC 

method capable of simultaneously quantifying both a complex phytoconstituent and a synthetic 

drug in a combined dosage form. This not only reduces analytical time and cost but also 

streamlines quality control processes during manufacturing and post-marketing surveillance. 

The dual estimation approach has immense significance, particularly in the context of modern 

integrative therapies that combine traditional herbal remedies with evidence-based 

pharmaceuticals. With the growing acceptance of complementary and alternative medicine 

(CAM), there is a clear demand for standardized analytical tools that can bridge the gap 

between herbal and allopathic systems. The method developed in this study addresses this need 

by offering a validated platform for ensuring the quality and consistency of combination 

cognitive therapies. It also supports the pharmaceutical industry's move toward global 

harmonization and regulatory compliance by meeting established guidelines. 

While the developed method is highly effective, certain limitations should be acknowledged. 

Bacoside A represents a class of saponins with structurally related components, and the method 

estimates the major peak or marker compound, rather than resolving all subtypes. Therefore, 

while effective for routine analysis, the method does not offer a full phytochemical profile. In 

addition, matrix effects in highly complex herbal formulations or variability in extract 

standardization could influence precision and specificity in some cases. Future refinements 
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such as peak identification through LC-MS/MS or high-resolution NMR could help confirm 

the identity of minor components and enhance the scope of analysis. 

Nevertheless, the implications of this work are substantial. The method provides a ready-to-

use analytical solution for formulation scientists, quality control chemists, and regulatory 

professionals involved in the development and manufacture of herbal-cognitive combination 

products. It promotes batch-to-batch consistency, enhances safety through accurate dosing, and 

contributes to the scientific validation of herbal medicines. Additionally, the method can be 

applied for dissolution testing, pharmacokinetic evaluation, and stability studies, making it 

versatile for multiple stages of the product lifecycle. 

In conclusion, this research successfully developed and validated a novel RP-HPLC method 

for the simultaneous estimation of Bacoside A and Donepezil in herbal-cognitive dosage forms. 

The method is simple, accurate, precise, robust, and compliant with regulatory standards. It 

provides a valuable analytical tool for the pharmaceutical industry and supports the growing 

field of integrative neurotherapeutics. With further expansion and validation, this method could 

serve as a foundation for future studies in bioanalytical research and facilitate global regulatory 

acceptance of herbal-allopathic combination therapies. 
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