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ABSTRACT: The study aimed to develop and 

validate a simple, precise, and reliable UV 

spectrophotometric method for simultaneous 

estimation of Beta Sitosterol and Andrographolide 

in pharmaceutical formulations. Organoleptic 

properties and melting points (140 °C and 231 °C) 

confirmed purity and identity. Both drugs were 

soluble in ethanol, which was selected as the 

solvent. FTIR analysis verified functional groups, 

while UV analysis showed λmax at 211 nm and 225 

nm with an isobestic point at 215 nm. Calibration 

curves (5–25 µg/mL) exhibited good linearity (r² > 

0.98), following Beer–Lambert law. Validation 

studies demonstrated high precision, robustness, and 

ruggedness with %RSD < 2%. Low detection and 

quantification limits indicated good sensitivity. The 

method complied with ICH Q2(R1) guidelines and 

was found suitable, cost-effective, and reliable for 

routine pharmaceutical analysis. 

KEYWORDS: Beta sitosterol, Andrographolide, 

UV spectrophotometry, Method validation. 

 

I. INTRODUCTION 

Spectroscopy is the study of the interaction 

between electromagnetic radiation and matter, and it 

serves as one of the most important analytical 

techniques in modern science. When radiation such 

as ultraviolet, visible, or infrared light interacts with 

a substance, the atoms and molecules present in that 

substance absorb or emit energy at specific 

wavelengths. This interaction produces a 

characteristic spectrum that is unique for each 

element or compound, often referred to as its 

“spectral fingerprint.” By analyzing this spectrum, it 

becomes possible to identify substances and 

determine their composition and concentration with 

high accuracy. 

 

The fundamental principle of spectroscopy 

is based on the absorption, emission, or scattering of 

electromagnetic radiation by matter. When light 

passes through a sample, certain wavelengths are 

absorbed while others are transmitted or reflected. 

The absorbed energy causes transitions in the 

electronic, vibrational, or rotational states of 

molecules. These transitions are recorded using 

instruments known as spectrometers, which measure 

the intensity of radiation as a function of 

wavelength. The resulting spectrum provides 

valuable information about the structural and 

chemical properties of the substance. One of the key 

laws governing spectroscopic analysis is the Beer–

Lambert law, which states that the absorbance of 

light is directly proportional to the concentration of 

the absorbing species and the path length of the 

sample. 

 

There are several types of spectroscopy, 

each based on different regions of the 

electromagnetic spectrum and different types of 

molecular interactions. Infrared (IR) spectroscopy is 

widely used for identifying functional groups in 

organic compounds by analyzing vibrational 

transitions. Ultraviolet-visible (UV-Vis) 

spectroscopy measures the absorption of light in the 

UV and visible regions and is commonly used for 

quantitative analysis of compounds. Nuclear 

Magnetic Resonance (NMR) spectroscopy provides 

detailed information about molecular structure by 

studying the behavior of atomic nuclei in a magnetic 

field. Raman spectroscopy is based on the scattering 

of light and is useful for studying vibrational, 

rotational, and other low-frequency modes of 

molecules. Mass spectrometry, although slightly 

different from optical spectroscopy, is often 

included due to its ability to determine molecular 
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weight and structure by analyzing ions based on 

their mass-to-charge ratio. 

 

Spectroscopy has a wide range of 

applications across various scientific fields. In 

pharmaceutical sciences, it is extensively used for 

drug identification, purity testing, and quantitative 

estimation of active pharmaceutical ingredients. It 

plays a crucial role in quality control and ensures 

that pharmaceutical products meet regulatory 

standards. In environmental science, spectroscopic 

techniques are used to detect pollutants in air, water, 

and soil, enabling effective monitoring and control 

of environmental contamination. In the biomedical 

field, spectroscopy aids in disease diagnosis, 

analysis of biological molecules such as proteins 

and nucleic acids, and medical imaging techniques 

like MRI. Additionally, spectroscopy is used in 

astronomy to study the composition, temperature, 

and movement of celestial bodies by analyzing the 

light they emit or absorb. 

 

One of the major advantages of 

spectroscopy is that it is a non-destructive 

technique, meaning that the sample remains intact 

after analysis and can be used for further testing if 

required. It is also highly sensitive, capable of 

detecting substances even at very low 

concentrations. The technique is relatively fast and 

requires minimal sample preparation, making it both 

time-efficient and cost-effective. Furthermore, 

spectroscopy is versatile, as it can be applied to 

solids, liquids, and gases, and it allows for both 

qualitative and quantitative analysis. 

 

In addition to its advantages, spectroscopy 

also plays an essential role in research and 

development. It helps scientists understand 

molecular interactions, reaction mechanisms, and 

material properties. Modern advancements, 

including the integration of computational methods 

and artificial intelligence, have further enhanced the 

capabilities of spectroscopic techniques, allowing 

for faster data analysis and improved accuracy. 

 

Overall, spectroscopy is a powerful and 

indispensable analytical tool that provides detailed 

insights into the composition and structure of 

substances. Its wide applicability, accuracy, and 

efficiency make it a cornerstone technique in fields 

such as chemistry, pharmacy, environmental 

science, and biomedical research.  

 

II. REVIEW OF LITERATURE  
 

Mevada et al. (2025) developed a simple and 

precise UV–Vis spectrophotometric method for 

simultaneous estimation of Andrographolide and 

Apocynin, showing excellent linearity, accuracy, 

and low LOD/LOQ values.  

Penzel et al. (2025) proposed a turbidity 

compensation method in UV/Vis spectroscopy that 

significantly improved accuracy in turbid samples 

by reducing measurement errors.  

Fadhillah et al. (2025) investigated bioactive 

compounds of Andrographis paniculata and 

demonstrated its potential anti-cardiac hypertrophy 

effect through anti-inflammatory and antioxidant 

pathways.  

Selvam et al. (2025) studied andrographolide for 

antibacterial and anti-dengue activity, confirming 

its potential through in vitro and molecular docking 

studies.  

Aljohar et al. (2025) developed a rapid and 

sensitive HPLC method for β-sitosterol estimation 

with short analysis time and good validation 

parameters.  

Gomathi et al. (2024) isolated β-sitosterol and 

reported significant antioxidant and antidiabetic 

activities, indicating its therapeutic potential.  

Afirosa et al. (2024) compared UV-Vis, HPLC, 

and qHNMR methods for andrographolide 

estimation and suggested cost-effective analytical 

approaches.  

Dewi et al. (2024) used UV-Vis spectroscopy with 

chemometric analysis for rapid and efficient 

identification of rice compounds with high 

accuracy.  

Patidar et al. (2024) developed and validated an 

RP-HPLC method for simultaneous estimation of 

β-sitosterol and quercetin with good precision and 

accuracy.  

Gudasi et al. (2024) established an HPTLC 

method using DoE approach for simultaneous 

estimation of triacontane and β-sitosterol, showing 

robustness and reliability.  

Chakraborty et al. (2023) developed an RP-HPLC 

method for simultaneous quantification of linoleic 

acid and β-sitosterol with good linearity and 

reproducibility.  

Sharma et al. (2023) validated an HPTLC method 

for β-sitosterol estimation in plant extracts, 

showing accuracy and reproducibility.  

Jana et al. (2023) developed validated RP-HPLC 

and HPTLC methods for quantification of 
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andrographolide in plant extracts as per ICH 

guidelines.  

Sundhani et al. (2022) studied herb–drug 

interactions of andrographolide using RP-HPLC, 

confirming its effect on pharmacokinetic 

parameters.  

Khonsa et al. (2022) developed a simple and 

accurate HPLC method for β-sitosterol estimation 

in supplements with high precision.  

D’Souza et al. (2022) established an RP-HPLC 

method for simultaneous estimation of β-sitosterol 

and lupeol in plant extracts using QbD approach.  

Patel et al. (2021) developed an LC-MS/MS 

method for simultaneous quantification of 

phytoconstituents including β-sitosterol with high 

sensitivity and accuracy.  

Saxena et al. (2021) reported a TLC-based method 

for estimation of β-sitosterol along with other 

compounds in medicinal plants.  

De et al. (2021) developed an RP-HPLC method 

for simultaneous estimation of andrographolide and 

curcumin in nanoformulations.  

Raj et al. (2020) studied β-sitosterol-based 

nanoparticles and demonstrated their cytotoxic 

potential against cancer cells.  

Shamsi et al. (2020) investigated drug-protein 

interaction using spectroscopic techniques, 

confirming strong binding affinity.  

Ihsan et al. (2020) developed a selective HPLC 

method for andrographolide estimation in 

formulations with good linearity and precision.  

Pancham et al. (2019) validated a UV 

spectrophotometric method for andrographolide 

with good accuracy and precision.  

Nweze et al. (2019) isolated β-sitosterol and 

confirmed its antibacterial activity against 

pathogens.  

Alvarez et al. (2019) evaluated β-sitosterol and 

phytosterols for anticancer activity, showing 

significant effects on cancer cell lines.  

 

 

III. RESEARCH ENVISAGED 
The study focused on developing and validating a 

UV-visible spectrophotometric method for 

simultaneous estimation of beta-sitosterol and 

andrographolide, two important bioactive 

compounds. Due to spectral overlap and structural 

complexity, a simple and cost-effective combined 

analytical method was required. 

 

Pre-formulation studies were conducted to evaluate 

physicochemical properties, and a suitable solvent 

system was selected. The λmax of both compounds 

was determined, followed by method development 

for their simultaneous estimation. 

 

The method was validated as per ICH Q2(R1) 

guidelines, including parameters such as linearity, 

precision, accuracy, robustness, ruggedness, LOD, 

and LOQ. Percentage recovery studies confirmed its 

reliability. 

 

Overall, the developed method was simple, 

reproducible, and suitable for routine quality control 

analysis of formulations containing beta-sitosterol 

and andrographolide.

 

IV. DRUG PROFILE 
Beta-sitosterol: 

Beta-sitosterol is a phytosterol with chemical 

formula C₂₉H₅₀O and molecular weight 414.7. It is 

a white, waxy solid widely found in plant sources 

such as vegetable oils, nuts, and avocados. It shows 

similarity to cholesterol in structure and is soluble 

in organic solvents like alcohol. It acts by reducing 

cholesterol absorption, regulating inflammation, 

and inducing apoptosis through various cellular 

pathways. It is mainly used for lowering LDL 

cholesterol and managing benign prostatic 

hyperplasia (BPH), along with potential antioxidant 

and anticancer effects.  

Andrographolide: 

Andrographolide is a labdane diterpenoid 

compound with chemical formula C₂₀H₃₀O₅ and 

molecular weight 350.45, obtained from 

Andrographis paniculata. It appears as a crystalline 

compound with a melting point of 229–232 °C. It 

possesses anti-inflammatory, antiviral, and 

anticancer properties. Its mechanism involves 

inhibition of inflammatory mediators such as TNF-

α, IL-1β, and NF-κB pathways. It is commonly 

used in the treatment of respiratory infections, 

osteoarthritis, tonsillitis, and inflammatory bowel 

diseases.
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V. MATERIAL AND METHODS 

Various chemicals such as ethyl acetate, acetone, 

methanol, ethanol, chloroform, and DMSO were 

used in the study. Standard laboratory glassware 

including volumetric flasks, pipettes, beakers, and 

conical flasks were utilized. Instruments such as 

UV-Visible spectrophotometer, FTIR, digital pH 

meter, melting point apparatus, weighing balance, 

and ultrasonic bath were employed for analysis and 

method development. 

Preliminary studies were carried out to evaluate 

physicochemical properties of the drugs. 

Organoleptic properties such as color, odor, and 

physical state were observed. Melting point 

determination was performed to assess purity and 

identity of the compounds. Solubility studies were 

conducted in different solvents, and ethanol was 

selected as the most suitable solvent. The pH of 

drug solutions was also determined to ensure 

stability and compatibility. 

Identification of the compounds was confirmed 

using FTIR spectroscopy by analyzing 

characteristic functional groups. For method 

development, UV spectrophotometric analysis was 

performed by scanning drug solutions in the range 

of 200–800 nm to determine λmax. Standard stock 

solutions (1000 µg/mL) were prepared and further 

diluted to obtain working concentrations of 5–25 

µg/mL. Calibration curves were constructed by 

plotting absorbance against concentration. 

Simultaneous estimation of beta-sitosterol and 

andrographolide was carried out using the 

simultaneous equation (Vierordt) method, where 

absorbances were measured at respective λmax 

values and concentrations were calculated using 

absorptivity coefficients. 

Method validation was performed according to 

ICH Q2(R1) guidelines. Linearity was established 

over the selected concentration range. Precision 

was evaluated through repeatability, intraday, and 

interday studies. Robustness was assessed by 

varying temperature conditions, while ruggedness 

was determined using different analysts. Sensitivity 

of the method was expressed in terms of LOD and 

LOQ. Accuracy was confirmed by percentage 

recovery studies at 50%, 100%, and 150% levels. 

Overall, the developed method was found to be 

reliable and suitable for routine analysis. 

VI. RESULTS AND DISCUSSION 
6.1 Preliminary Studies 

6.1.1 Organoleptic Properties 

The organoleptic evaluation of both drugs indicated 

good purity and quality. Beta-sitosterol was 

observed as a white to off-white, odorless, waxy 

solid, while andrographolide appeared as a white, 

odorless crystalline powder. These characteristics 

were consistent with standard reported 

descriptions, confirming the authenticity of both 

compounds. 

6.1.2 Melting Point Determination 

The observed melting point of beta-sitosterol was 

found to be 140°C, which falls within the standard 

range of 136–142°C. Similarly, andrographolide 

showed a melting point of 231°C, consistent with 

the reported range of 229–235°C. The close 

agreement with standard values confirms the purity 

and identity of both compounds. 

6.1.3 pH Determination 

The pH of beta-sitosterol was found to be 6.3, 

while andrographolide exhibited a pH of 5.25. Both 

values fall within their respective acceptable 

ranges, indicating good stability and suitability for 

pharmaceutical applications. 

6.1.4 Solubility Studies 

Both drugs showed higher solubility in organic 

solvents compared to water. Beta-sitosterol was 

freely soluble in methanol and soluble in ethanol, 

chloroform, and DMSO, but insoluble in water. 

Similarly, andrographolide was freely soluble in 

methanol and DMSO, soluble in ethanol, slightly 

soluble in chloroform, and insoluble in water. 

Based on these findings, ethanol was selected as 

the suitable solvent for further analysis. 

6.2 FTIR Analysis 

The FTIR spectra of both compounds confirmed 

their structural identity. 

The spectrum of andrographolide showed 

characteristic peaks corresponding to O–H 

stretching, C–H stretching, and C=O stretching, 

confirming the presence of alcohol and ester 

groups. 

Similarly, the FTIR spectrum of beta-sitosterol 

exhibited peaks corresponding to O–H stretching, 

C–H stretching, and C=C stretching, indicating the 

presence of hydroxyl and alkene groups. 

These findings confirm the structural integrity and 

purity of both compounds. 
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6.3 Method Development by UV Spectroscopy 

The UV spectra of both drugs were recorded in the 

range of 200–800 nm. 

Beta-sitosterol exhibited a maximum absorbance 

(λmax) at 211 nm, whereas andrographolide 

showed λmax at 225 nm. 

The overlay spectrum (Figure 5) revealed an 

isobestic point at 215 nm, indicating that both 

drugs can be simultaneously estimated without 

interference. This confirms the suitability of the 

developed UV spectrophotometric method. 

 
6.4 Simultaneous Equation Method 

The simultaneous equation (Vierordt’s) method 

was successfully applied for the estimation of both 

drugs. Absorbance values were recorded at 211 nm 

and 225 nm, and both drugs followed Beer–

Lambert law in the concentration range of 5–25 

µg/mL. 

The calculated absorptivity values were consistent 

across concentrations, demonstrating the reliability 

of the method. The calibration curves showed good 

linearity with correlation coefficients close to unity, 

confirming the accuracy of the method. 

6.5 Method Validation 

6.5.1 Linearity 

The calibration curves for both drugs showed a 

linear relationship between absorbance and 

concentration within the range of 5–25 µg/mL. 

Beta-sitosterol showed a correlation coefficient 

(R²) of 0.9856, while andrographolide exhibited a 

higher R² value of 0.997 (Figure 6 and Figure 7), 

indicating excellent linearity. 
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6.5.2 Precision 

The method demonstrated excellent precision with 

%RSD values below 2%. 

Repeatability studies showed %RSD values of 

0.606% for beta-sitosterol and 0.226% for 

andrographolide. 

Intraday and interday precision studies also showed 

low variability, confirming the reproducibility and 

consistency of the method. 

6.5.3 Ruggedness 

The method was found to be rugged, as %RSD 

values obtained by different analysts were below 

2%. This indicates that the method is reliable under 

varied experimental conditions. 

6.5.4 Robustness 

The robustness study showed that slight variations 

in temperature (25°C and 45°C) did not 

significantly affect the results. The %RSD values 

remained within acceptable limits, confirming the 

stability of the method. 

6.5.5 LOD and LOQ 

The LOD and LOQ values indicated good 

sensitivity of the method. 

For beta-sitosterol, LOD and LOQ were 0.324 

µg/mL and 0.983 µg/mL, respectively. 

For andrographolide, LOD and LOQ were 0.206 

µg/mL and 0.625 µg/mL, respectively. 

7.6 Percentage Recovery 

The accuracy of the method was confirmed through 

recovery studies. 

Beta-sitosterol showed recovery values in the range 

of 92.47% to 98.21%, while andrographolide 

showed recovery between 89.47% and 93.98%. 

The %RSD values were within acceptable limits, 

confirming the accuracy and reliability of the 

method for routine analysis. 

VII. CONCLUSION 

The present study was carried out to develop and 

validate a simple, precise, and reliable UV 

spectrophotometric method for the simultaneous 

estimation of beta-sitosterol and andrographolide. 

Organoleptic evaluation and melting point 

determination confirmed the purity and identity of 

both compounds. Solubility studies indicated 

ethanol as a suitable solvent for analysis. FTIR 

analysis verified the presence of characteristic 

functional groups, confirming structural integrity, 

while UV spectroscopic analysis showed λmax at 

211 nm for beta-sitosterol and 225 nm for 

andrographolide, with an isobestic point at 215 nm. 

Calibration curves constructed in the range of 5–25 

µg/mL exhibited good linearity (R² > 0.98), 

confirming adherence to Beer–Lambert law. The 

method showed excellent precision, ruggedness, 

and robustness, with %RSD values below 2%. Low 

LOD and LOQ values indicated good sensitivity, 

and recovery studies confirmed the accuracy of the 

method. 

Overall, the developed method was found to be 

simple, accurate, precise, reproducible, and cost-

effective. It is suitable for routine quality control 

and simultaneous estimation of beta-sitosterol and 

andrographolide in pharmaceutical formulations. 

BIBLIOGRAPHY 

[1]. Milton EJ, Schaepman ME, Anderson K, 

Kneubühler M, Fox N. Progress in field 

spectroscopy. Remote Sensing of 

Environment. 2009 Sep 1;113:S92-109.  

[2]. Beć KB, Grabska J, Huck CW. 

Biomolecular and bioanalytical applications 

of infrared spectroscopy–A review. 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 3, May-June 2026, pp:268-276 www.ijprajournal.com ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1103268276    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal      Page 274 

Analyticachimicaacta. 2020 Oct 9;1133:150-

77.  

[3]. Czarnecki MA, Morisawa Y, Futami Y, 

Ozaki Y. Advances in molecular structure 

and interaction studies using near-infrared 

spectroscopy. Chemical reviews. 2015 Sep 

23;115(18):9707-44.  

[4]. Pasquini, C. Near infrared spectroscopy: A 

mature analytical technique with new 

perspectives—A review. Anal. Chim. Acta 

2018, 1026, 8–36.  

[5]. Guo Y, Liu C, Ye R, Duan Q. Advances on 

water quality detection by uv-vis 

spectroscopy. Applied Sciences. 2020 Sep 

30;10(19):6874.  

[6]. Vienneau G. Conception etbiocompatibilité 

de composites biodégradables pour le 

remplacement et la reconstruction osseuse. 

Universite de Moncton (Canada); 2023.  

[7]. Kazimierczuk K, Orekhov V. Non‐uniform 

sampling: post‐Fourier era of NMR data 

collection and processing. Magnetic 

Resonance in Chemistry. 2015 

Nov;53(11):921-6.  

[8]. Zhang Y, Zhang Z, Kagaya Y, Terashi G, 

Zhao B, Xiong Y, Kihara D. Distance-AF: 

modifying predicted protein structure 

models by alphafold2 with user-specified 

distance constraints. BioRxiv. 2023 Dec 4.  

[9]. Ptaszek AL, Li J, Konrat R, Platzer G, Head-

Gordon T. UCBShift 2.0: Bridging the gap 

from backbone to side chain protein 

chemical shift prediction for protein 

structures. Journal of the American 

Chemical Society. 2024 Nov 

12;146(46):31733-45.  

[10]. Parimaladevi R, Sathe V, Mahalingam U. 

Graphene boosted silver nanoparticles as 

surface enhanced Raman spectroscopic 

sensors and photocatalysts for removal of 

standard and industrial dye contaminants. 

Sensors and Actuators B: Chemical. 2019 

Feb 15;281:679-88.  

[11]. Frausto-Reyes C, Medina-Gutiérrez C, Sato-

Berrú R, Sahagún LR. Qualitative study of 

ethanol content in tequilas by Raman 

spectroscopy and principal component 

analysis. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy. 

2005 Sep 1;61(11-12):2657-62.  

[12]. Király M, Vékey K, Antal I, Ludányi K. 

Mass spectrometry: past and present. Acta 

pharmaceuticaHungarica. 2016 Jan 

1;86(1):3-11.  

[13]. Domon B, Aebersold R. Mass spectrometry 

and protein analysis. science. 2006 Apr 

14;312(5771):212-7. 

[14]. Wilschefski SC, Baxter MR. Inductively 

coupled plasma mass spectrometry: 

introduction to analytical aspects. The 

Clinical Biochemist Reviews. 2019 

Aug;40(3):115.  

[15]. Király M, Vékey K, Antal I, Ludányi K. 

Mass spectrometry: past and present. Acta 

pharmaceuticaHungarica. 2016 Jan 

1;86(1):3-11.  

[16]. Buchberger AR, DeLaney K, Johnson J, Li 

L. Mass spectrometry imaging: a review of 

emerging advancements and future insights. 

Analytical chemistry. 2017 Dec 

13;90(1):240.  

[17]. Verma M. Sanjay M. Nilapwar,* Maria 

Nardelli, Hans V. Westerhoff. Methods in 

Systems Biology. 2011 Sep 26;500:59.  

[18]. Manso M, Carvalho ML. Application of 

spectroscopic techniques for the study of 

paper documents: A survey. Spectrochimica 

Acta Part B: Atomic Spectroscopy. 2009 Jun 

1;64(6):482-90.  

[19]. Cai Y, Lin Y, Cai H, Ni H. Deep learning in 

vibrational spectroscopy: Benefits, 

limitations, and recent progress. Journal of 

the Chinese Chemical Society. 2025 

Jun;72(6):611-26.  

[20]. Mevada S, Patel H, Shukla S. Development 

and validation of simultaneous equation 

method for the estimation of 

andrographolide and apocynin in 

hepatoprotective polyherbal formulation 

using UV–visible spectrophotometry. 

Accreditation and Quality Assurance. 2025 

Mar 24:1-8.  

[21]. Penzel S, Mayer T, Goblirsch T, Borsdorf H, 

Rudolph M, Kanoun O. A novel turbidity 

compensation method for water 

measurements by UV/Vis and fluorescence 

spectroscopy. Measurement. 2025 Jan 

15;239:115447.  

[22]. Fadhillah MR, Wibowo H, Bustami A, 

Sukmawati D, Tedjo A, Khatimah NG, 

Shimizu I, Arozal W. Investigation of anti-

cardiac hypertrophy effects of Andrographis 

paniculata ethanolic extract by modulating 

proinflammation and oxidative stress via 

Nrf2/NFkB/NLRP3 signaling pathway: In 

silico and in vitro approaches. Journal of 

Applied Pharmaceutical Science. 2025 May 

5;15(6):277-94.  



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 3, May-June 2026, pp:268-276 www.ijprajournal.com ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1103268276    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal      Page 275 

[23]. Selvam K, Sudhakar C, Ragu Prasath A, 

Senbagam D, Almuhayawi MS, Alruhaili 

MH, Nagshabandi MK, Selim S. Anti-

dengue Viral Protein NS5 and Antibacterial 

Efficacy of Andrographolide from 

Andrographis paniculata: An In Silico 

Approach. Applied Biochemistry and 

Biotechnology. 2025 Jun;197(6):4157-75.  

[24]. Aljohar HI, Al-Hossaini AM, Alzammay 

SA, Alhabardi S, Maher HM, Ahmed AR. 

Development and comprehensive greenness 

assessment of HPLC method for quality 

control of β-sitosterol in pharmaceutical 

ointments with trio-color coded evaluation. 

BMC chemistry. 2025 Jan 13;19(1):14. 

[25]. Gomathi S, Maneemegalai S. Isolation, 

characterization of β-Sitosterol from the 

herbal extracts and evaluation of in vitro 

anti-oxidant and anti-diabetic activities. 

Journal of microbiology, biotechnology and 

food sciences. 2024;13(4):e10236-.  

[26]. Afirosa HB, Suzery M, Cahyono B. 

Quantitative analysis of andrographolide in 

sambiloto (Andrographis paniculata) herbal 

preparation using UV–Vis, HPLC, And 1 H-

NMR With dibenzyl ether as internal 

standard. Int J Chem Biochem Sci. 

2024;25:765-72.  

[27]. Dewi AM, Setyaningsih W, Palma M. Rapid 

Method for Simultaneous Determination of 

γ-Oryzanol Compounds in Rice 

(Oryzasativa) Grains using UV-Vis 

Spectroscopy and Chemometrics. Trends in 

Sciences. 2024 Oct 20;21(12):8550-.  

[28]. Patidar T, Ramteke S. Development and 

validation of a robust HPLC method for 

simultaneous quantitative analysis of 

quercetin and β-sitosterol in plant extract. 

Food Analytical Methods. 2024 

Mar;17(3):393-405.  

[29]. Gudasi S, Patil K, Chougla A, Shetti P. 

Stability-indicating HPTLC method for 

concurrent estimation of triacontane and 

beta-sitosterol in Ailanthus excelsa Roxb.: A 

DoE approach. Journal of Young 

Pharmacists. 2024 Apr 1;16(2):269.  

[30]. Chakraborty A, Bhattacharjee A, Mondal B, 

Chakraborty M, Mukhopadhyay G, 

Majumder A. Design of a validated HPLC 

methodology for the measurement of 

linoleic acid and beta sitosterol in Solanum 

nigrum. InBiol Forum Int J 2023 (Vol. 15, 

pp. 86-92).  

[31]. Sharma H, Narshimhaji CV, Singh R. 

Relative estimation of beta-sitosterol in 

alcoholic extracts of roots and small 

branches of oroxylum indicum (L.) Kurz by 

HPTLC for plant part substitution, medicinal 

uses and conservation. Journal of Applied 

Research on Medicinal and Aromatic Plants. 

2023 May 1;35:100496.  

[32]. Jana SN, Banerjee S, Biswas S, Sing D, Kar 

A, Bandyopadhayay R, Haldar PK, Sharma 

N, Mukherjee PK. Quantification and 

standardization of Andrographolide in 

Andrographis paniculata samples by 

validated RP-HPLC and HPTLC methods. 

Journal of Chromatographic Science. 2023 

Jul;61(6):514-21.  

[33]. Sundhani E, Nugroho AE, Nurrochmad A, 

Puspitasari I, AmaliaPrihati D, 

Lukitaningsih E. Pharmacokinetic herb-drug 

interactions of glipizide with Andrographis 

paniculata (Burm. f.) and andrographolide in 

normal and diabetic rats by validated HPLC 

method. Molecules. 2022 Oct 

14;27(20):6901. 

[34]. Khonsa K, Setyaningrum DL, Saputro AH, 

Amelia T, Ibrahim S, Damayanti S. Analysis 

of β-sitosterol in supplement using high-

performance liquid chromatography: 

Development and validation. Rasayan J 

Chem. 2022 Jul;15(3):1997-2003.  

[35]. D’SOUZA AV, Patil P, Khan S, 

Channabsavaiah JP. Integrated Quality by 

Design Approach for Quantification and 

Standardization of Beta-Sitosterol and 

Lupeol in a Cissus quadrangularis Linn. 

Plant Extracts and its Marketed Formulation 

by Reverse Phase High Performance Liquid 

Chromatography. Indian Journal of 

Pharmaceutical Sciences. 2022 May 1;84(3).  

[36]. Patel VS, Chhalotiya UK, Patel SB, 

Nuruddin J. Simultaneous quantification of 

betulinic acid, lupeol, and β-sitosterol in 

madhucalongifolia methanolic extract of 

bark by liquid chromatography-tandem mass 

spectrometric method. Journal of AOAC 

International. 2021 Mar 1;104(2):498-505.  

[37]. Saxena HO, Parihar S, Pawar G. 

Simultaneous determination of betulinic 

acid, β sitosterol and lupeol in fruits, leaves, 

root and stem bark of Dillenia pentagyna 

Roxb. by a validated high-performance thin-

layer chromatography method. JPC–Journal 

of Planar Chromatography–Modern TLC. 

2021 Dec;34(6):531-42.  



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 3, May-June 2026, pp:268-276 www.ijprajournal.com ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1103268276    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal      Page 276 

[38]. De AK, Bera T. Analytical method 

development, validation and stability studies 

by RP HPLC method for simultaneous 

estimation of andrographolide and curcumin 

in co encapsulated nanostructured lipid 

carrier drug delivery system. Int J App 

Pharm. 2021 Sep 7;13(5):73-86.  

[39]. Raj R K, S R. β‐sitosterol‐assisted silver 

nanoparticles activates Nrf2 and triggers 

mitochondrial apoptosis via oxidative stress 

in human hepatocellular cancer cell line. 

Journal of biomedical materials research 

Part A. 2020 Sep;108(9):1899-908.  

[40]. Shamsi A, Al Shahwan M, Ahamad S, 

Hassan MI, Ahmad F, Islam A. 

Spectroscopic, calorimetric and molecular 

docking insight into the interaction of 

Alzheimer’s drug donepezil with human 

transferrin: Implications of Alzheimer’s 

drug. Journal of Biomolecular Structure and 

Dynamics. 2020 Mar 3;38(4):1094-102.  

[41]. Ihsan BR, Hafid AF, Primaharinastiti R, 

Widyawaruyanti A, Yuwono M. 

Development and validation of hplc method 

for determination of andrographolide in raw 

material and tablet of ethyl acetate fractions 

of Andrographis paniculata. Research 

Journal of Pharmacy and Technology. 2020 

Sep 1;13(9):4291-6.  

[42]. Pancham Y, Patil N, Girish B, Mannur V. 

Development and validation of analytical  

method for determination of 

andrographolide in bulk powder. Int J 

Pharma Res Health Sci. 2019;7(1):2899-903. 

[43]. Nweze C, Ibrahim H, Ndukwe GI. Beta-

Sitosterol with Antimicrobial Property from 

the Stem Bark of Pomegranate (Punica 

granatum Linn). Journal of Applied Sciences 

& Environmental Management. 2019 Jul 

1;23(6).  

[44]. Alvarez-Sala A, Attanzio A, Tesoriere L, 

Garcia-Llatas G, Barberá R, Cilla A. 

Apoptotic effect of a phytosterol-ingredient 

and its main phytosterol (β-sitosterol) in 

human cancer cell lines. International 

journal of food sciences and nutrition. 2019 

Apr 3;70(3):323-34.  

[45]. Verma A, Singh D, Mitra A. Development 

of gluten free energy bar and its proximate 

analysis. Pharma Innov. J. 2022;11:569-76.  

[46]. Michellod D, Bien T, Birgel D, Violette M, 

Kleiner M, Fearn S, Zeidler C, Gruber 

Vodicka HR, Dubilier N, Liebeke M. De 

novo phytosterol synthesis in animals. 

Science. 2023 May 5;380(6644):520-6.  

[47]. Chakravarti RN, Chakravarti MD. 

Andrographolide, the Active Constituent of 

Andrographis paniculata Nees. A 

preliminary communication. The Indian 

medical gazette. 1951 Mar;86(3):96.  

[48]. Chaluvaraju K.C., Manjunatha T.O., 

Bhagyashree S.K., Basavaraj S.U. Melting 

Point of Organic Compounds: A 

Comprehensive Guide. International Journal 

of Creative Research Thoughts (IJCRT). 

2024, Volume 12, Issue 9, 2320-2882.  

[49]. Vaishnavi B. Borgaonkar, Chetan M. Jain, 

Amit R. Jaiswal, et al. A review on 

solubility enhancement technique for 

pharmaceutical drugs.GSC Biological and 

Pharmaceutical Sciences. February 2024, 

26(2):239-253  

[50]. Prasannjeet S. Bhopale,  Priyanka J. 

Anbhule, Aditi S. Awati. Quantitative 

Analysis of Pharmaceutical Using FTIR 

Spectroscopy. JETIR.  March 2024, Volume 

11, Issue 3.  

[51]. Dr. Narendra Kumar Nyola, Jeyabalan 

Govindasamy. Sitagliptin and metformin 

hydrochloride in pure and tablet dosage form 

by UV-Vis spectroscopy. World Journal of 

Pharmacy and Pharmaceutical Sciences. 

December 2012, 1(4):1392-1401.  

[52]. Vyas AJ, Patel KR, Patel AI, Shah SR, 

Sheth DB, Dholkia SP. Current scenario and 

recent applications in simultaneous equation 

method. Journal of Medicinal and 

Nanomaterials Chemistry. 2025; 7:162-180.  

[53]. Pritam S. Jain, Amar J. Chaudhari, Stuti A. 

Patel, et al. Development and validation of 

the UV spectrophotometric method for 

determination of terbinafine hydrochloride 

in bulk and in formulation. Pharmaceutical 

Methods. July-September 2011; Vol 2, Issue 

3.  

[54]. Sharma GN, Sharma D, Beniwal P. 

Preformulation Studies and Physicochemical 

Characterization of Rifaximin for 

Formulation Development. International 

Journal of Health Advancement and Clinical 

Research (tz). 2025 Sep 30;3(3):1-7. 

 


