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Abstract  The objective of current research work was 

to develop quality by design based simple stability 

indicating UV Spectrophotometric method for 

simultaneous analysis of trigonelline and piperine and its 

application to prepared nanoformulation. A simple, cost 

economic method was developed and validated as per ICH 

guidelines. Design of experiment was used to optimize the 

method where sonication time and scanning interval were 

identified as independent variables and absorbance was 

considered as a dependent variable. A simple 32 full 

factorial design with 9 runs was used to optimize the 

method. Water is used as a major solvent. The optimized 

run (10 min sonication time and medium scanning interval) 

was extensively validated as per ICH guidelines. A forced 

degradation study was also carried out. Furthermore, the 

devised method was successfully applied for the estimation 

of drugs in prepared nanoformulation. Based on the result, 

the method was found to be simple, accurate, precise, and 

robust as evidenced by validation parameters which all fall 

within acceptance limits. A linear relationship was 

determined between the concentration ranging from 2 to 10 

µg/ml, with a regression coefficient of 0.999 for 

trigonelline (265nm) and piperine (342nm). Both precision 

assays showed a percent RSD of less than 2 indicating the 

precise nature of the method. The percentage recovery 

ranged from 99.54 to 101.43 % for trigonelline and 99.88 

to 101.83 % for piperine, indicating promising accuracy. 

Trigonelline showed LOD and LOQ values of 1.064 

μg/mL and 3.22 μg/mL and piperine showed 0.814 μg/mL 

and 2.46 μg/mL respectively which proves the sensitive 

nature of the method. Percent RSD less than 2 indicates 

that the developed method is rugged and robust. Further, 

acidic, basic and oxidative degradation was in the range of 

10-  19% whereas photolytic assay showed pronounced 

degradation characteristics (44-52%). Additionally, the 

developed method was successfully utilized for the 

estimation of trigonelline and piperine in prepared 

nanoformulations. Therefore, it can be inferred that the 

current study will serve as a foundation for the quality 

assessment of trigonelline and piperine nanoformulation 

utilizing the Quality by Design approach. 

Keywords  Quality by Design, Trigonelline, Piperine, 

UV Spectroscopic, Validation 
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1. Introduction 

Plant-based remedies have been employed by ancient 

civilization to address human ailments as therapeutic 

remedies, and they have garnered increased recognition for 

their superior therapeutic effectiveness with lesser side 

effects [1]. Various traditional medicinal systems across 

the globe have recorded a diverse range of plants, 

emphasizing the significant therapeutic values of 

medicinal plants [2]. Trigonelline is a polar hydrophilic 

alkaloid, which is derived from a variety of plant species, 

such as Trigonella foenum-graecum, Allium sepapea, 

Coffea sp, Pissum sativum, Glycine max, and Lycopersicon 

esculentum [3]. Trigonelline, a primary alkaloid present in 

fenugreek, has been more thoroughly assessed for its 

pharmacological effects compared to other components of 

fenugreek, especially in relation to diabetes and central 

nervous system disease. Trigonelline possesses 

hypoglycemic, hypolipidemic, neuroprotective, 

antimigraine, sedative, memory-enhancing, antibacterial, 

antiviral, and anti-tumor properties [4]. Piperine, found in 

Piper nigrum and Piper longum of the Piperaceae family, 

is a valuable therapeutic compound with the ability to 

target multiple diseases. It demonstrates a diverse array of 

pharmacological effects, including anti-inflammatory, 

antioxidant, anti-arthritic, and anti-depressant properties 

[5]. Over the course of a decade, investigations have shown 

the wide array of bioactivities associated with piperine, 

indicating its possible applications in agriculture as a 

pesticide and for medicinal use [6]. In the field of 

phytopharmaceuticals, the research and development are 

geared towards developing novel delivery mechanisms for 

plant-based drugs. Phytoconstituents derived from plants 

commonly face challenges related to limited oral 

bioavailability and instability, owing to their hydrophilic 

nature [7]. The delivery of phytoconstituents using 

conventional methods is hindered by challenges such as 

aqueous solubility, instability, and permeability issues. The 

integration of nanotechnology significantly enhances the 

final results by reducing toxicity and adverse effects, and 

by improving therapeutic or pharmacological effects 

through enhanced pharmacokinetic parameters [8]. 

Phytosomes are an innovative drug delivery system that 

offers advantages such as delivering phytoconstituents at a 

controlled rate, targeting the site of action, minimizing 

harmful effects, increasing drug bioavailability, etc. [9]. 

The importance of quality control in herbal medicine 

cannot be overstated. The concept of "marker-based 

standardization" is gaining traction as a widely accepted 

practice. This method involves analyzing phytochemical 

markers through sophisticated analytical techniques [10]. 

The use of marker-based techniques, as well as the 

implementation of innovative quality approaches, is vital 

for assessing the quality and setting standardization 

parameters for herbal drugs. In recent years, 

pharmaceutical companies have been adopting Quality by 

Design (QbD) as a fundamental model for pharmaceutical 

quality [11]. The FDA has been particularly proactive in 

promoting the idea of Quality by Design (QbD), which 

focuses on integrating quality into both the process and the 

product in a methodical, scientific, and risk-based 

approach during the development phase itself [12]. 

Spectrophotometry is considered the method of choice for 

quality assurance of herbal preparations due to its quick, 

accurate, convenient, and cost-effective nature [13]. In 

light of the lack of sustainable analytical methods for 

quantifying trigonelline and piperine, it became imperative 

to devise a rapid and sensitive sustainable analytical 

technique for their quantification. To the best of our 

knowledge, there are no existing UV methods for the 

simultaneous analysis of trigonelline and piperine in 

nanoformulations. With this background, the aim of the 

research work was to develop and validate simple, robust 

Quality by Design assisted UV Spectroscopic method for 

simultaneous estimation of trigonelline and piperine and its 

application to prepared nanoformulation. This research 

will act as a definitive quality analysis tool for 

nanoformulations containing these phytoconstituents, 

ensuring a thorough evaluation of their qualitative and 

quantitative characteristics. 

2. Materials and Methods 

2.1. Materials 

Sunpure Extract Ltd, Gaziabad, India, provided piperine 

as a gift sample. Trigonelline was procured from Yucca 

Enterprises, Mumbai. All other chemicals and reagents 

used were also of analytical grade and obtained from KLE 

College of Pharmacy, Belagavi. 

2.2. Instrumentation 

A Shimadzu UV-Spectrophotometer model 1900i with 

Labsolution software was used for analysis. Optimization 

was carried out using Design-Expert software version 13.0 

by Stat-Ease Inc. Minneapolis, MN, USA. 

2.3. Selection of Solvents 

A range of analytical solvents were examined through 

trial-and-error experiments to establish the ideal solvent. 

Solvents such as water, ethanol, methanol, and DMSO 

were examined. Based on the drug profile and 

experimental findings, water was selected as the solvent for 

method development. 

2.4. Preparation of Stock Solution 

Trigonelline and piperine (10mg each) were precisely 

weighed and dissolved in water and methanol, then a 
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sequence of dilutions (2-10 µg/ml) was prepared by mixing 

the stock solution only with water to reach the required 

volume, followed by sonication for 5 minutes. 

2.5. Selection of Wavelength 

Trigonelline and piperine were analyzed using the UV 

Spectrophotometer within the 400 nm to 200 nm range to 

determine the lambda max. The highest absorbance for 

trigonelline was observed at 265nm, while for Piperine it 

was at 342nm. These findings were in line with existing 

literature. 

2.6. DoE Based Method Development and 

Optimization 

2.6.1. Defining Analytical Target Profile (ATP) and 

Critical Analytical Attribute (CAA) 

In the realm of analytical method development, 

incorporating the Quality by Design (QbD) approach 

involves setting up Analytical Target Profiles (ATP) as a 

primary step. It is imperative to outline the essential 

features that serve as performance indicators. The decision 

to utilize the UV spectrophotometric technique was 

determined by its rationality, stemming from its simplicity 

and quicker analysis when compared to more intricate 

analytical methods. To adhere to the ATP standards, the 

absorbance of trigonelline and piperine was identified as 

the CAA [10,14]. 

2.6.2. Optimization of the Method Using Design of 

Experiments (DoE) 

The optimization of the UV spectrophotometric method 

was achieved using Design of Experiments to analyze the 

influence of specific process parameters and their 

corresponding responses. A 32 full factorial design with 2 

factors and 2 levels was implemented to determine the 

optimized spectroscopic method, resulting in 9 

experimental runs. The experimental design was 

developed using Design-Expert software version 13.0, 

Stat-Ease Inc. in Minneapolis, MN, USA [15, 16]. 

2.7. Method Validation 

The validation parameters were rigorously evaluated in 

accordance with the ICH Q2 (R1) guidelines, covering 

precision, linearity, accuracy, specificity, limit of detection 

(LOD), limit of quantification (LOQ), robustness, 

ruggedness, and repeatability [17-20]. 

2.7.1. Specificity and Selectivity 

Specificity refers to the capability to accurately and 

specifically measure the analyte of interest in the presence 

of other components that may be present in the sample 

matrix. An assessment of specificity and selectivity 

parameters was conducted to ensure the absence of 

interference from any other substance during the analysis 

of trigonelline and piperine. The specificity and selectivity 

were underscored by the lack of absorbance at 265 nm 

and 342 nm, respectively. 

2.7.2. Linearity 

Linearity denotes the effectiveness of the analytical 

method in producing test results that are directly linked to 

the concentration of the analyte within a given range, as 

determined by the variance of the slope of the regression 

line. In order to evaluate the linearity of trigonelline and 

piperine, a secondary stock solution was used to prepare a 

series of five samples with concentrations ranging from 2 

to 10 μg/mL. The linearity curve was devised by using 

linearity data from which the correlation coefficient and 

regression equation were determined. 

2.7.3. Precision 

Repeatability, intermediate precision, and 

reproducibility are distinct levels of precision employed to 

assess the accuracy of measurements. Precision is 

assessed through both intraday and interday 

measurements. Intra-day precision was established by 

analyzing three concentrations in three replicate 

measurements within the linear range of drugs at three 

distinct time points on the same day. Inter-day precision 

was evaluated during the routine operation of the system 

over a period of three consecutive days and % RSD was 

calculated. 

2.7.4. Accuracy 

The precision of an analytical technique is established 

by computing the percentage variance between the 

average experimental result and the actual value. 

Recovery experiments were carried out to evaluate 

accuracy, with the mean recovery percentage of the 

sample being determined at three different concentrations 

i.e., 80%, 100%, and 120%. 

2.7.5. Sensitivity 

The sensitivity of the proposed method was assessed 

through the determination of the limit of quantification 

(LOQ) and limit of detection (LOD). The LOD and LOQ 

were established by diluting a known drug concentration, 

leading to signal to noise ratios of 3:1 and 10:1 

respectively. These ratios indicate the minimum 

detectable and measurable concentrations of analytes, 

respectively. 

2.7.6. Ruggedness 

In order to determine ruggedness, the suggested method 

was duplicated using two separate instruments, and 

independent analysts were appointed to evaluate the 

repeatability. Subsequently, the data obtained from the 

repeatability assessment was used to determine the 

percentage relative standard deviation (RSD). 
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2.7.7. Robustness 

The robustness of the established technique is proven 

by its capacity to withstand minor deliberate alterations in 

the ideal parameters without causing any impact. An 

evaluation was performed at different wavelengths (±2nm) 

to assess its robustness, and the percentage relative 

standard deviation (RSD) was determined. 

2.7.8. Repeatability 

Intra-assay precision is the term used to describe 

repeatability characteristics. The UV method was used to 

measure the absorbance of the trigonelline and piperine 

solution six times at a concentration of 6 µg/mL in order to 

evaluate its repeatability. The percent relative standard 

deviation (RSD) was calculated. 

2.8. Forced Degradation Study 

The stability of the UV-Spectroscopic method was 

evaluated by subjecting samples to stress conditions like 

acid, base, oxidation, and thermal degradation. The 

degradation percentage was determined for each condition. 

The same procedure was adopted for preparation of sample 

solutions. In the acidic stress assay, samples were exposed 

to stress through the use of 0.1N HCl in a water bath at 

80°C for 2 hours. Following this, the samples were scanned 

between 200-400nm, and the resulting spectra were 

documented. For basic stress assay, samples were prepared 

from primary and secondary stock solutions and diluted 

with 0.1M NaOH. The solutions were stressed at 80°C for 

2 hours and their spectra were recorded. In the oxidative 

stress assay, sample solutions were prepared by diluting 

primary and secondary stock solutions with 30% H2O2. 

The solutions were stressed at 80°C for 2 hours, and their 

spectra were recorded. Thermal degradation was carried 

out by subjecting the drug to 40°C in a hot air oven for 4 

hours. Afterward, solutions were prepared using water at a 

concentration of 10 µg/ml and then scanned to obtain 

spectra [21, 22]. 

2.9. Preparation of Phytosomes 

Phytosomes are prepared by thin film hydration 

technique using soya lecithin and cholesterol. Accurately 

weighed quantities of soya lecithin and cholesterol were 

dissolved in chloroform and piperine was dissolved in 

methanol. Both solutions were combined and evaporated 

using a rotary evaporator at 180 RPM. After evaporation, 

the flask was kept in refrigerator for 24 hrs. Then it was 

subjected to rehydration using water and alcohol. At this 

stage, an accurately weighed quantity of trigonelline was 

added. Further, prepared phytosomes were subjected to 

sonication and stored in amber colored glass bottles until 

further use. The particle size and PDI values were 

estimated using zetasizer [23, 24]. 

2.10. Application of the Method to Nanoformulation 

The trigonelline and piperine content in prepared 

phytosomes were estimated by proposed UV method. 

Briefly, an accurately measured quantity was dissolved in 

water and subjected to sonication. After this, working 

dilutions were prepared and content was estimated [13, 

18]. 

3. Results and Discussion 

The estimation of trigonelline and piperine was 

effectively carried out by the UV Spectroscopic method, 

following ICH guidelines and employing Quality by 

Design (QbD). 

3.1. Selection of Solvents 

An extensive review of the literature was carried out on 

the existing resources. Various experiments were executed 

throughout the trials. Water was utilized as the primary 

solvent in all the experiments, considering the results and 

drug properties. 

3.2. Selection of Wavelength 

The maximum absorbance wavelength of trigonelline 

and piperine was observed at 265 nm and 342nm 

respectively while scanning at 10 µg/ml over the range of 

400-200 nm, with water serving as the blank solution. 

3.3. Method Development and Optimization 

The UV-Spectroscopic method was optimized using 

AQbD in accordance with the ICH Q8 (R2) guidelines. The 

decision to incorporate the AQbD strategy in enhancing the 

quality attributes of the UV-visible spectrophotometer was 

influenced by the need to obtain valuable experimental 

data. The adoption of the AQbD principle strategy has 

allowed for the establishment of the analytical target 

profile, which plays a crucial role in determining the drug 

content in samples. The absorbance of trigonelline and 

piperine was identified as the critical analytical attribute 

(CAA) for establishing the analytical profile. Additionally, 

a face-centered design was selected as the appropriate 

quality by design approach for evaluating the 

UV-spectroscopic method through the adjustment of 

parameters such as sonication time and scanning interval. 

Table 1 depicts the details of parameters and their 

observations. 
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Table 1.  Trial run by DoE for optimization 

Sr. No Run Factor A 

Sonication time (min) 

Factor B 

Scanning Interval (Min) 

Response 1 

Absorbance (nm) Trigonelline 

Response 1 

Absorbance (nm) Piperine 

1. 1 10 1 0.532 1.001 

2. 2 10 -1 0.524 1.003 

3. 3 15 0 0.522 0.992 

4. 4 15 -1 0.523 0.994 

5. 5 5 -1 0.535 0.993 

6. 6 15 1 0.521 0.991 

7. 7 10 0 0.533 1.003 

8. 8 5 0 0.534 0.994 

9. 9 5 1 0.535 0.995 

Coding: -1 (Low); 0 (Medium); 1 (High) 

Table 2.  ANOVA analysis of responses i.e., absorbances of trigonelline (265nm) and piperine (342nm) 

Responses Absorbance at 265 nm Remarks Absorbance at 342 nm Remarks 

Source F-value p-value  F-value p-value  

Model 15.14 0.0045 Significant 70.70 0.0026 Significant 

A-Sonication time 29.54 0.0016  8.18 0.0646  

B-Scanning Interval 0.7364 0.4238  2.95 0.1846  

 

3.4. Optimization of the Method Using Design of 

Experiments (DoE) 

A comprehensive analysis was performed using 

numerical and graphical approaches to pinpoint the most 

suitable option within the specified design parameters. 

Moreover, the assessment included investigating the 

effects of factors such as sonication time and scanning 

interval on the absorbance response. The optimization 

process involved overlaying the contour of the critical 

response with contour plots using design expert software. 

Table 2 presents the ANOVA analysis results for the 

absorbance of trigonelline (at 265nm) and piperine (at 

342nm), indicating a significant p-value. The 3D response 

plot of trigonelline and piperine is depicted in Figure 1 and 

Figure 2 respectively. It plays a crucial role in the Quality 

by Design (QbD) methodology, as it facilitates the 

identification of critical process parameters and elucidates 

their influence on the quality attributes of the compounds. 

This understanding ultimately contributes to the 

development of more robust and optimized analytical 

methods. Figure 3 and Figure 4 display 2D contour plots of 

trigonelline and piperine showcasing the relationship 

between sonication time, scanning interval, and response. 

Contour plots serve as effective instruments for depicting 

the interactions among various variables within an 

analytical framework. These plots can clearly demonstrate 

the effects of sonication time and scanning interval on the 

responses observed in UV spectroscopy, thereby aiding in 

the refinement of analytical methods to achieve improved 

precision and quality. In Figure 5, the overlay plot of the 

optimized method is illustrated, with optimum conditions 

determined based on desirability criteria. In the context of 

the Quality by Design (QbD) approach, the overlay plot 

plays a vital role in confirming that the optimized method 

fulfills all necessary quality and performance standards. It 

acts as a validation tool for the effectiveness of the chosen 

parameters and ensures that the analytical process is robust 

and reliable, consistent with the principles of Quality by 

Design. 
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Figure 1.  3D plot of response of trigonelline 

Figure 2.  3D plot of response of Piperine 



 Advances in Pharmacology and Pharmacy 13(4): 639-651, 2025 645 

 

 

Figure 3.  2D contour plot of trigonelline showing the correlation between the selected variables i.e., sonication time and scanning interval and their 

response 

 

Figure 4.  2D contour plot of piperine showing the correlation between the selected variables i.e., sonication time and scanning interval and their 

response 
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Figure 5.  Overlay plot showing the design space from the experimental area 

3.5. Method Validation 

The necessity of validating analytical procedures lies in 

various factors, including regulatory compliance, 

adherence to scientific standards, and meeting quality 

control criteria. As per ICH Q2 (R1) guidelines, the 

optimized method was rigorously validated. 

3.5.1. Specificity and Selectivity 

The selectivity of the analytical method indicates its 

ability to precisely quantify an analyte despite potential 

interferences in the sample matrix. The technique's 

specificity is evident through the highest absorbance of 

trigonelline and piperine at 265 nm and 342 nm, 

respectively. The method's selectivity was validated by the 

lack of absorbance at these wavelengths in the solvent 

spectra. Figure 6 represents the UV spectrum of blank 

signifying its ability to establish a baseline or reference for 

the absorbance measurements of the target compounds. 

The UV spectrum depicted in Figure 7 reveals that 

trigonelline has its highest absorbance at 265 nm, whereas 

piperine shows the highest absorbance at 342 nm. These 

wavelengths correspond with those reported in previous 

literature. 

3.5.2. Linearity 

Method linearity denotes its capacity to yield test results 

that demonstrate a direct association with the analyte's 

concentration within a specified interval. The strong 

correlation between concentration and absorbance was 

verified by the linear relationship observed in the 

concentration range of 2 to 10 µg/ml, resulting in a 

regression coefficient of 0.999 for both drugs. Figures 8 

and 9 illustrate the linearity curves for trigonelline at 265 

nm and piperine at 342 nm, respectively, highlighting the 

linear relationship between concentration and absorbance 

at the concentration range of 2-10 µg/ml (Table 3 and 

Figures 8 & 9). 

3.5.3. System Precision 

The validation of the method involved assessing its 

precision through both intra-day and inter-day 

measurements. Intra-day precision was determined by 

measuring absorbance in the morning, afternoon, and 

evening on the same day, while inter-day precision was 

evaluated over three consecutive days. The precision of the 

method is demonstrated by the % RSD values, all of which 

were below 2%. The results are given in tables 4 and 5. 
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Figure 6.  UV spectrum of blank (water)  Figure 7.  UV spectrum of trigonelline and piperine 

Figure 8.  Linearity curve of trigonelline at 265nm  Figure 9.  Linearity curve of piperine at 342nm 

Table 3.  Linearity of trigonelline and piperine 

Sr. No Conc (µg/ml) Abs Trigonelline Abs Piperine 

1. 2 0.155 0.165 

2. 4 0.315 0.301 

3. 6 0.445 0.451 

4. 8 0.586 0.597 

5. 10 0.723 0.738 

R2 0.999 0.999 

LOD (µg/ml) 1.0640 0.8147 

LOQ (µg/ml) 3.2244 2.4687 

Table 4.  Intraday precision assay 

Trigonelline Piperine 

Conc (µg/ml) 

%RSD 

M A E M A E 

2 1.384 1.051 1.438 1.242 0.927 1.030 

6 1.032 1.199 1.208 1.003 1.138 1.049 

10 0.973 0.914 0.623 1.097 0.974 1.206 

Table 5.  Interday precision assay 

Trigonelline Piperine 

Conc (µg/ml) 

%RSD 

D1 D2 D3 D1 D2 D3 

2 1.384 1.051 1.438 1.468 1.234 0.912 

6 1.032 1.199 1.208 1.233 1.348 1.588 

10 0.973 0.9145 0.623 1.172 1.164 1.158 
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3.5.4. Accuracy 

Precision indicates the proximity of the correlation 

between the actual value and the measured value. The 

trigonelline percentage recovery ranged from 99.54 to 

101.43% and piperine percentage recovery ranged from 

99.88 to 101.83%. The efficacy of the developed method 

was underscored by the consistent recovery percentages at 

varying concentrations, which showed a satisfactory level 

of accuracy. Table 6 presents the results. 

3.5.5. Sensitivity 

The sensitivity of the method was assessed by 

calculating the limit of detection (LOD) and limit of 

quantification (LOQ). The limit of detection (LOD) was 

calculated by multiplying 3.3 by the ratio of the standard 

deviation of the intercept to the slope of the calibration 

curve. Similarly, the limit of quantification (LOQ) was 

calculated by multiplying 10 by the same ratio. According 

to the analysis, the LOD and LOQ for trigonelline were 

found to be 1.064 μg/mL and 3.224 μg/mL, and for 

piperine were found to be 0.814 μg/mL and 2.468 μg/mL 

respectively, showcasing the exceptional sensitivity of the 

proposed method. 

3.5.6. Robustness and Ruggedness 

The ability of an analytical method to maintain its 

integrity despite minor, deliberate procedural adjustments 

is a key indicator of its robustness and offers valuable 

insights into the method's consistency under standard 

laboratory conditions. The robustness was assessed by 

measuring the absorbance at 265 ± 2 and 342± 2. The 

ruggedness indicates the level of consistency in test results 

obtained from analyzing the same sample under a variety 

of standard test conditions. The ruggedness of the method 

was confirmed through analysis carried out by two distinct 

analysts, with the absorbance for a concentration of 2, 6 

and 10 µg/ml being recorded. The repeatability, 

reproducibility, and robustness of the method are 

confirmed by the % RSD values, all of which were under 

2%. Table 7 and table 8 present the results for ruggedness 

and robustness, respectively. 

Table 6.  Accuracy/ percentage recovery 

Trigonelline Piperine 

Level Absorbance % Recovery Absorbance % Recovery 

80% 

0.585 

101.43 

0.604 

101.51 0.59 0.605 

0.607 0.601 

100% 

0.748 

101.41 

0.742 

101.83 0.736 0.742 

0.726 0.772 

120% 

0.855 

99.54 

0.881 

99.88 0.863 0.895 

0.873 0.87 

Table 7.  Ruggedness with change in analyst 

Trigonelline Piperine 

Conc (µg/ml) 

%RSD 

Change in analyst 

Analyst I Analyst II Analyst I Analyst II 

2 1.438 1.342 1.226 1.440 

6 1.476 1.348 1.319 1.232 

10 1.048 1.629 1.024 0.947 

Table 8.  Robustness with change in wavelength 

Trigonelline Piperine 

Conc (µg/ml) 

%RSD 

Change in Wavelength (±2nm) 

263 nm 265 nm 267nm 340nm 342nm 344nm 

2 1.384 0.730 1.718 1.242 1.265 1.509 

6 1.590 1.168 1.371 1.243 0.921 1.327 

10 1.274 1.181 1.133 1.110 1.094 1.098 
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3.5.7. Repeatability 

Intra-assay precision, also known as repeatability, is the 

ability to consistently generate the same results in a short 

period of time under the same conditions. Percent RSD less 

than 2 suggests that the method exhibits strong 

repeatability. The results are presented in table 9. 

Table 9.  Repeatability 

Sr. No Conc (µg/ml) Abs 

Trigonelline 

Abs 

Piperine 

1. 6 0.439 0.451 

2. 6 0.445 0.442 

3. 6 0.447 0.444 

4. 6 0.435 0.455 

5. 6 0.441 0.454 

6. 6 0.447 0.452 

% RSD 1.0951 1.198 

3.6. Forced Degradation Study 

Samples were exposed to stress conditions such as acid, 

base, oxidation, and thermal degradation. The percentage 

of degradation was calculated for each condition. The 

following table (Table 10) represents results of forced 

degradation study. 

Table 10.  Results of forced degradation study 

Forced degradation assay Percent degradation % 

Trigonelline Piperine 

Acidic 13.44 18.45 

Basic 15.82 13.78 

Oxidation 19.04 10.09 

Thermal 44.92 52.42 

3.7. Preparation of Phytosomes 

Trigonelline and piperine loaded phytosomes were 

successfully prepared by thin film hydration technique. 

The results are depicted below (Table 11). 

Table 11.  Characterization of phytosomes 

Phytosomes Results 

Particle size 146 nm 

PDI 0.30 

Zeta potential -45.42 

3.8. Estimation of Trigonelline and Piperine in 

Phytosomes 

The developed UV spectroscopic method was 

successfully employed to estimate trigonelline and 

piperine in prepared phytosomes and results are depicted 

below (Table 12). The UV spectra of trigonelline and 

piperine, as shown in Figure 10, were obtained from the 

developed nanoformulation. The clear absence of 

interference from other constituents confirms the method's 

effectiveness for the assessment of trigonelline and 

piperine in nanoformulations. 

Table 12.  Estimation of trigonelline and piperine 

 Trigonelline Piperine 

Phytosomes 

Detection wavelength 265nm 342nm 

Concentration found 8.24 mg 9.63 mg 

 

Figure 10.  Estimation of trigonelline and piperine from 

nanoformulation 

4. Conclusions 

Trigonelline and piperine are versatile herbal bioactives 

widely utilized for treating various disorders because of 

their therapeutic properties. However, their therapeutic 

effectiveness is limited by poor solubility. Consequently, 

researchers are exploring novel drug delivery systems to 

address solubility issues and potentially improve 

bioavailability. Additionally, ensuring quality is of utmost 

importance in the pharmaceutical industry. Therefore, it is 

essential to have an analytical method for the selected 

phytoconstituents to analyze their quality. Analytical 

Quality by Design is a crucial aspect that is extensively 

utilized in the development and validation of analytical 

methods. This research successfully presents the 

development and validation of a stability-indicating UV 

spectroscopic method, utilizing Quality by Design (QbD) 

principles, for the simultaneous quantification of 

trigonelline and piperine in the formulated 

nanoformulation. The absorbance maxima for trigonelline 

and piperine were determined to be 265 nm and 342 nm, 

respectively. The UV-Spectroscopic approach was 

optimized through the application of Quality by Design 

(QbD) principles, adhering to the ICH Q8 (R2) guidelines. 

A simple 32 full factorial design with 9 experimental runs 

was utilized for the optimization process. Water was 
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selected as the principal solvent. The optimized conditions, 

which included a sonication duration of 10 minutes and a 

medium scanning interval, were thoroughly validated in 

accordance with ICH standards. The selectivity of the 

method was confirmed by the absence of absorbance at the 

specified wavelengths in the solvent spectra. A strong 

correlation between concentration and absorbance was 

established at the concentration range of 2 to 10 µg/ml, 

with a regression coefficient of 0.999 for both drugs. The 

method's precision is reflected in the % RSD values, all of 

which remained below 2%, indicating a high degree of 

accuracy. The recovery percentages for trigonelline ranged 

from 99.54% to 101.43%, while piperine recovery 

percentages varied from 99.88% to 101.83%, 

demonstrating a satisfactory level of accuracy. The limits 

of detection (LOD) and quantification (LOQ) for 

trigonelline were determined to be 1.064 μg/mL and 3.224 

μg/mL, respectively, while for piperine, these values were 

0.814 μg/mL and 2.468 μg/mL, respectively, highlighting 

the exceptional sensitivity of the method. The repeatability, 

reproducibility, and robustness of the method are further 

validated by % RSD values, all of which were below 2%. 

The acidic, basic, and oxidative conditions exhibited 

degradation levels between 10% and 19%, while the 

photolytic assay demonstrated significant degradation 

characteristics, ranging from 44% to 52%. The successful 

formulation of phytosomes incorporating trigonelline and 

piperine was achieved, with their particle size confirmed 

within the nano range. Moreover, the established method 

proved effective in estimating the concentrations of 

trigonelline and piperine, which were found to be 82.4% 

and 96.3% w/w, respectively. Therefore, it can be 

concluded that the developed method is suitable for 

analyzing trigonelline and piperine in nanoformulation for 

quality assurance purposes. 
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