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ABSTRACT 

This study investigated the extraction characteristics, 

nanoparticle formulation, release behavior, and biological 

activities of Phyllanthus emblica, Terminalia chebula, and 

Derris scandens extracts. Aqueous extraction produced 

phenolic-rich, stable powders suitable for pharmaceutical use. 

Gallic acid–loaded alginate nanoparticles were successfully 

prepared using a modified coacervation method, yielding 

nanosized particles (114 nm, PDI 0.185) with high drug-

loading efficiency (87.67%). In-vitro release studies showed 

that free gallic acid exhibited a rapid burst release, whereas 

gallic acid–loaded nanoparticles provided a sustained and 

controlled release up to 12 h. A combination extract of D. 

scandens, P. emblica, and T. chebula demonstrated prolonged 

release behavior compared with nanoparticles, suggesting 

extended therapeutic potential. Stability testing confirmed that 

the extracts remained chemically stable at 25 °C for 12 months. 

Biological assays revealed that the herbal extracts, individually 

and in combination, inhibited COX-2 activity, with effects  

comparable to Celecoxib at certain doses. In isolated pig ileum, the extracts modulated 

intestinal contractility, indicating potential spasmolytic properties. Overall, the findings 

support the applicability of these herbal extracts and nanoparticle formulations for controlled-

release delivery and anti-inflammatory therapeutic use. 
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INTRODUCTION 

Phyllanthus emblica and Terminalia chebula are widely recognized medicinal plants in Thai 

traditional medicine, particularly valued for their high phenolic content and broad 

pharmacological activities.
[14,1,16] 

Among the bioactive constituents, gallic acid is one of the 

predominant phenolic compounds responsible for antioxidant, anti-inflammatory, and 

gastrointestinal-modulating properties.
[4,30,10]

 Despite their therapeutic potential, the stability, 

solubility, and bioavailability of these phenolic compounds—especially gallic acid—remain 

major limitations that hinder their efficiency in biological systems and oral delivery.
[27,6,19]

 

Nanotechnology-based delivery systems have emerged as a promising strategy to enhance the 

stability and controlled release of phenolic compounds.
[2,8]

 Polymeric nanoparticles, 

particularly those formulated using natural polymers such as sodium alginate, offer several 

advantages including biocompatibility, sustained release, and improved entrapment 

efficiency. However, limited studies have focused on the development of gallic acid–loaded 

polymeric nanoparticles derived from P. emblica and T. chebula extracts and on their 

biological effectiveness.
[29,3,13]

 In addition to anti-oxidative potential, both plant extracts have 

been traditionally used to alleviate inflammatory and gastrointestinal disorders.
[1,10,18] 

Cyclooxygenase-2 (COX-2) is a key enzyme involved in the inflammatory response, and its 

inhibition is a well-established therapeutic target for reducing inflammation and pain.
[7,15,23]

 

Evaluating COX-2 inhibition allows for a scientific validation of the anti-inflammatory 

potential of herbal extracts and their nanoparticle formulations.
[4,11,22]

 Furthermore, the 

gastrointestinal effects of these extracts, particularly their influence on intestinal smooth 

muscle contraction, could provide mechanistic insights into their traditional use for digestive 

regulation.
[1,2,3,18,24,25]

 The isolated ileum model offers a reliable ex vivo system for assessing 

spasmolytic or spasmogenic activities of herbal compounds.
[12,26,17]

 

 

METHODS 

Reagents and equipment 

Potassium dihydrogen phosphate, Kemaus, Sodium hydroxide 99.5% (food grade), Vdells 

siam (Thailand), Gallic Acid pure, 98% (AR Grade) Merck, Methanol 99.8% (AR Grade) 

Qrec (Newzealand), Sodium alginate (analytical grade)Kemaus, Calcium chloride (analytical 
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grade) Qrec, Newzealand,  Arachidonic acid  Glentham England, Dimethyl sulfoxide 

(DMSO)Fisher England, Celecoxib (reference standard), Glentham England, 

Hexamethonium bromide Glentham England, Atropine sulfate Glentham England. 

 

Extraction Procedure of Phyllanthus emblica and Terminalia chebula 

Fresh fruits of fruit of Phyllanthus emblica (10 g) and fruit of Terminalia chebula (15 g) were 

thoroughly washed, cut into small pieces, and subsequently dried. The dried materials were 

then ground into a fine powder and sieved through a 40–60 mesh sieve to obtain uniform 

particle sizes. The powdered samples were weighed (50 g) and extracted with 700 mL of 

deionized water. The mixture was allowed to stand for 30–60 minutes to facilitate 

sedimentation before filtration through Whatman No. 1 filter paper (11 μm pore size, 

England). 

 

Preparation Gallic acid polymeric nanoparticles  

Polymeric nanoparticles were generated through a modified coacervation approach. firstiy, 

250 mg of the crude extract was dispersed in 1.5 mL of deionized water until a uniform 

mixture was obtained. A separate 0.8 mg/mL sodium alginate solution was prepared, into 

which the extract dispersion was slowly introduced while maintaining agitation at 1,200 rpm 

for 40 min to ensure complete homogenization. Following this step, nanoparticle formation 

was induced by adding a 2.5 mg/mL calcium chloride solution dropwise under high shear 

stirring at 18,000 rpm for 240 min. After the coacervation process was completed, the 

resulting colloidal suspension was subjected to centrifugation at 28,000 rpm for 50 min. The 

supernatant was removed, and the collected nanoparticle pellet was subsequently freeze-dried 

to obtain a stable powdered product for further characterization and evaluation. 

 

Characterization of Gallic acid –Loaded Polymeric Nanoparticles  

Particle Size Analysis 

The particle size and polydispersity index (PDI) were evaluated using Dynamic Light 

Scattering (DLS). A nanoparticle suspension was prepared at a concentration of 0.8 mg/mL in 

80 mL of deionized water and gently stirred to ensure uniform dispersion before 

measurement.  

 

Percent of drug loading  

Gallic acid-loaded nanoparticle 10 mL was dissolved into deionized water. The pH of the 

resulting solution was measured and found to be 8. The prepared extract solution was then 
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analyzed using a UV–Visible spectrophotometer at a wavelength of 270 nm. The percentage 

of the drug content was calculated using the following equation 

 

 

In Vitro Release Study 

Gallic acid from extract-loaded nanoparticles, free gallic acid, and a combination of Derris 

scandens extract (5 and 10 µg) with P. emblica (2.5 µg) and T. chebula (2.5 µg), each 

prepared at a final concentration of 10 µg/mL, were separately placed into dialysis bags with 

a molecular weight cut-off (MWCO) of 30 kDa. The bag was immersed in 300 mL of 0.1 M 

phosphate buffer (pH 7.4) and gently stirred using a magnetic stirrer at 37 ± 0.5 °C. At 

predetermined time intervals (0.5, 1, 2, 4, 6, 8, and 12 hours), 100 µL of the sample was 

withdrawn and immediately replaced with an equal volume of fresh phosphate buffer solution 

(pH 7.4) to maintain sink conditions. 

 

In vitro inflammation studies 

 The COX-2 inhibition assay was conducted using extracts of Phyllanthus emblica, 

Terminalia chebula, and Derris scandens, each prepared at a concentration of 1000 mg/mL in 

DMSO. For the Derris scandens extract used to evaluate potential synergistic effects with the 

other extracts in future studies (not intended for publication), 4000 mg of dried vine of Derris 

scandens was soaked in 50 mL of deionized water for 5 days with continuous shaking at 900 

rpm at 25 °C. During the assay, the COX-2 enzyme solution was first added to each well, 

followed by the extract samples. The reaction was initiated by the addition of arachidonic 

acid. The mixtures were incubated at 37 °C for 10–20 minutes, after which a chromogenic 

reagent was added to enable detection of prostaglandin formation. Absorbance was then 

measured at 590 nm to calculate the percentage of COX-2 inhibition. Celecoxib (200 mg) 

was used as the positive control in this study. 

 

Inhibition Formula 

 

 

The contraction of ileum studies 

This method was modified from Ali Mard S and team. The ileum of pig was obtained from 

slaughter after animal death 1 hr. Then, the segment of animal was cleaning with 10 M of 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Mard%20SA%22%5BAuthor%5D
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Sodium chloride solution. The ileum was 10 µg/mL of Hexamethonium for 30 min and then 

the tissue of animal was cleaning with 10 M of Sodium chloride solution. The tissue was 

soaked with 3 µg/mL of Atropine for 5 min in order to block muscarinic receptor of tissue. 

After that, 5 cm length of tissue was mounted with 15 g of tension in 50 mL tissue that have 

Tyrode solution. The Senna was used as control compared with Terminalia chebula & 

Phyllanthus emblica extract. The cumulative contractile frequency of ileum was report in 

time/min. Leave of Alexandrian senna (8000 mg/mL in deionized water) was used as positive 

control. 

 

Statistical analysis 

Statistical analysis was performed using the analysis of variance (ANOVA), and comparisons 

among groups were made at a 99% confidence level using Tukey’s pairwise test. 

 

RESULT AND DISCUSSION 

Extraction Yield and Physical Characteristics of Herbal Extracts 

All the herbs were identified by Thai traditional medicine. The aqueous extraction of 

Phyllanthus emblica and Terminalia chebula produced stable, brown-colored extracts with 

characteristic phenolic aromas. Both extracts demonstrated good solubility in deionized 

water, and no visible particulate residues were observed following filtration. The extraction 

process produced uniform powders following drying and sieving (40–60 mesh), indicating 

that water extraction was effective in obtaining phenolic-rich crude extracts while 

maintaining physicochemical stability. These results are consistent with previous findings 

that water is an efficient solvent for extracting gallic acid and other hydrolyzable tannins 

from these species. 

 

Formation of Gallic Acid–Loaded Polymeric Nanoparticles 

The modified coacervation method successfully produced gallic acid–loaded alginate 

nanoparticles. The dispersion of crude extract into the sodium alginate solution formed a 

homogenous mixture, and the subsequent dropwise addition of calcium chloride resulted in 

an immediate change in turbidity, indicating nanoparticle formation. Freeze-dried particles 

were obtained as a fine, light-brown powder with good dispersibility in water, suggesting 

desirable physicochemical properties for further pharmaceutical analysis. 
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Particle Size and Polydispersity Index (PDI) 

Dynamic Light Scattering (DLS) revealed that the nanoparticles exhibited a uniform 

nanoscale size distribution. The PDI values were 0.185 within the acceptable range for 

polymeric nanoparticles, indicating homogeneous particle formation and a stable formulation. 

The nanoscale dimensions are 114.98 nm expected to enhance surface area, solubility, and 

diffusion through biological membranes, supporting their potential use in controlled-release 

oral delivery. 

 

Drug Loading 

The UV–visible spectrophotometric analysis at 270 nm confirmed the successful 

incorporation of gallic acid into the polymeric matrix. The calculated drug-loading 

percentage indicated efficient entrapment of the phenolic compound, with approximately 

87.67% gallic acid loaded relative to the net weight of the blank nanoparticles (without gallic 

acid). The alkaline pH (pH 8) of the dissolved nanoparticles facilitated better detection of 

gallic acid during analysis, aligning with its ionization profile. High drug loading is essential 

for therapeutic relevance and may enhance the anti-inflammatory and antioxidant effects of 

the nanoparticles. 

 

In-Vitro Release Studies of free gallic acid and extract-derived gallic acid loaded 

nanoparticles 

The in-vitro drug release profiles of free gallic acid and extract-derived gallic acid loaded 

nanoparticles revealed markedly different release behaviors. Free gallic acid exhibited a 

pronounced burst release, reaching approximately 85–100% within the first 1–2 h. However, 

its cumulative release progressively declined over time, decreasing to nearly 20% by 12 h, 

which may be attributed to rapid diffusion followed by degradation or precipitation of the 

free compound in the dissolution medium. In contrast, gallic acid loaded nanoparticles 

demonstrated a significantly slower initial release, with only 33–50% released in the first 

hour. The release then proceeded in a sustained and continuous manner, gradually increasing 

to about 95% over 12 hours. Statistical comparison indicated that the nanoparticles possessed 

a significantly longer t₅₀% and a higher cumulative release area under the curve (AUC) than 

free gallic acid (p < 0.05). Moreover, the release rate constant of the nanoparticle formulation 

remained more consistent over time, supporting a controlled-release mechanism that aligns 

with zero-order or Higuchi kinetics. These findings confirm that the nanoparticle system 
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effectively minimizes burst release and provides prolonged drug delivery, offering substantial 

advantages over free gallic acid for pharmaceutical and therapeutic applications. 

 

 

Figure 1: In-vitro drug release profiles of gallic acid (blue) and extract-loaded gallic acid 

nanoparticles (orange). 

 

In-Vitro Release Studies of extract-derived gallic acid loaded nanoparticles and D. 

scandens combinate in extract 

The release profile demonstrated a distinctly different kinetic pattern between gallic acid–

loaded nanoparticles and the combination extract containing Derris scandens (5 µg), 

Phyllanthus emblica (2.5 µg), and Terminalia chebula (2.5 µg). The gallic acid nanoparticles 

exhibited a rapid initial burst release, with the majority of the compound diffusing out within 

the first three hours. Following this burst phase, the release progressively declined, indicating 

a depletion of the readily available gallic acid from the nanoparticle matrix. In contrast, the 

combination extract showed a gradual and sustained release throughout the 12-hour period. 

The controlled-release behavior of the D. scandens–based formulation resulted in a slower 

onset but maintained steady release over time, suggesting its potential suitability for 

prolonged therapeutic action. Collectively, these findings highlight the rapid-acting nature of 

gallic acid nanoparticles compared with the extended, controlled-release properties of the 

combination herbal formulation. 
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Figure 2: In-vitro drug release extract-loaded gallic acid nanoparticles and D. scandens 

combinate with extract. 

 

Stability Studies 

Samples stored at 25 °C retained their physical appearance, color, and chemical stability 

throughout the 12-month period, whereas the samples stored at 45 °C showed minor 

darkening, indicative of phenolic oxidation. Overall, the extract powders demonstrated good 

thermal stability at room temperature, suggesting their suitability for long-term storage under 

normal pharmaceutical conditions (all of data show in figure 3). 

 

 

Figure 3: Stability of extract powder. 
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COX-2 Inhibition Activity 

Both Phyllanthus emblica (300 mg) and Terminalia chebula (500 mg), with an estimated 

gallic acid content of 270 mg in the combined extracts, exhibited inhibitory effects on COX-2 

enzyme activity.  Although the combined extract dose (800 mg) did not achieve the inhibitory 

potency of Celecoxib (200 mg), it still produced biologically meaningful COX-2 suppression, 

supporting their traditional use for inflammation relief. Furthermore, the findings suggest that 

combining these extracts (800 mg) with Derris scandens (100 mg) results in COX-2 

inhibition that is not significantly different from Celecoxib (200 mg). In addition, Derris 

scandens alone at a concentration of 600 mg also demonstrated COX-2 inhibitory activity, 

showing no significant difference (p < 0.05) compared with Celecoxib (200 mg). 

 

Ileum Contraction Study 

In the isolated pig ileum model, Phyllanthus emblica (300 mg) and Terminalia chebula (500 

mg) extracts produced measurable effects on intestinal contractility. Pretreatment with 

hexamethonium and atropine ensured that the observed responses occurred through non-

cholinergic pathways. Compared with the Alexandrian senna extract control (80 mg/mL), 

which increased contraction frequency, the herbal extracts generally caused a significant 

reduction or modulation of contractile activity (p < 0.05). These results suggest potential 

spasmolytic or motility-regulating properties and are consistent with the traditional use of 

these herbs in supporting digestion and maintaining gut motility balance as the detail shown 

in table 1. 

 

Table No 1: The contractile frequency of Terminalia chebula & Phyllanthus emblica 

extract compared with Senna extract in pig intestine. 

Name of herb 
Contractile/concentration 

80 mg/mL 800 mg/mL 8000 mg/mL 

Terminalia chebula & 

Phyllanthus emblica extract 
13.21 ± 13.68 21.96 ± 34.31 28.91 ± 39.12 

Alexandrian senna extract 78.31 ± 19.13 192.53 ± 11.36 369.42 ± 13.58 
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