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INTRODUCTION 

Houttuynia cordata Thunb. is a herb with 

aromatic and medicinal properties 

belonging to the Suaruraceae family, and 

native to Eastern and Southeast Asia (Wu et 
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Abstract 

  

Houttuynia cordata Thunb. extracted in 80% ethanol (HCE) was loaded in chitosan nanoparticles 

(HCECS) using sodium tripolyphosphate through the ionic gelation method and the resulting HCECS 

was evaluated for the effect of extract concentration-load on their morphology, structure and antioxidant 

activity. The encapsulation efficiency (EE) of HCECS nanoparticles was seen to range from 55.5% to 

86.0%, depending on the extract concentration. Particle size ranged from 331 nm to 409 nm, increasing 

with increase in extract load, while polydispersity index ranged from 0.176 to 0.212, showing a 

homogenous particle size distribution. Transmission electron microscopy displayed predominantly 
spherical nanoparticles. FTIR analysis pointed towards the associations between the functional groups 

of H. cordata phytochemicals and the chitosan polymer matrix, confirming successful encapsulation. 

IC50 values of HCE were 135.77µg/ml and 118.28µg/ml for DPPH and ABTS, respectively. For the 

HCECS nanoparticle, IC50 value of 299.49µg/ml and 149.90µg/ml at the concentration of 5mg/ml HCE 
for DPPH and ABTS compared to 1mg/ml HCE, 766.08µg/ml and 159.22µg/ml, respectively were 

observed. For the nanoparticle formulations, antioxidant activity increased as extract loading increased. 

The results indicate that there is effect of HCE loading in the formulation of chitosan nanoparticles as 

well as on the antioxidant activity, which highlights the importance of creating a balance between 
encapsulation efficiency and antioxidant activity during nanoparticle development for H. cordata. 
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al., 2021; Neelam et al., 2025). In India, it is 

found in the North-Eastern region (Momin 

et al., 2016; Neelam et al., 2025), with the 

whole plants of H. cordata eaten raw. The 

plants are used as a medicinal salad to lower 

blood sugar levels and for blood 

purification, and the juices from the leaves 

are used to treat dysentery and cholera 

(Kumar et al., 2014; Rathi et al., 2013; 

Hynniewta and Kumar, 2008). H. cordata 

has an ancestry of being used by the 

Chinese in traditional medicine for cough, 

bronchitis, and pneumonia (Wu et al., 2021; 

Pakyntein et al., 2024). Several studies 

reveal the effects of Houttuynia cordata on 

Human immunodeficiency virus types-1, 

Herpes simplex virus, severe acute 

respiratory syndrome and influenza 

(Hayashi et al., 1995; Lau et al., 2008; Chen 

et al., 2011). The plant also has anti-

inflammatory, antioxidant, and anticancer 

properties on account of its several major 

phenolic, alkaloid, and flavone compounds 

(Pakyntein et al., 2024). On one hand, the 

major flavonoid and phenolic compounds 

are rutin, quercetin, hyperin, isoquercetin, 

chlorogenic acid, catechin, procyanidin B, 

hexoside, cepharadione B, aristolactam B, 

and piperolactam A, act as anticancer, 

antioxidant, antibiotic and antipyretic 

antidiabetic agents,  additionally, quercetin 

and chlorogenic acid, a phenolic 

compounds present in H. cordata, impart 

high and potent antioxidant properties to the 

plant (Hung et al., 2015; Pradhan et al., 

2023; Subhawa et al., 2020; Kumar et al., 

2014 and Pakyntein et al., 2024).  

With all these multifaceted properties 

contained in the small herb plant, H. 

cordata has garnered multiple scientific 

studies from different angles, and is 

drawing interest in the past few years. A 

recent work by Neelam et al. (2025) 

confirmed baseline phytochemical and 

pharmacognostical analysis of the leaves 

and roots of H. cordata from East Khasi 

Hills district of Meghalaya in northeast 

India, and a research for 

microencapsulation utilizing CS (Chitosan) 

and CTG (carboxymethyl tamarind gum as 

http://www.thebioscan.com/
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coating material for oil extracted from 

H.cordata has been explored recently for 

preservation of fresh pork with controlled 

release of antioxidant and other bioactive 

compounds creating functional applications 

(Yang et al., 2025). However, systematic 

studies for incorporation of different 

concentrations of extracts from H. cordata 

with bioactive properties and loaded in 

chitosan at nanoscale level, and thereafter 

their studies for antioxidant properties 

remain limited. 

In recent years, nano-encapsulation in 

contrast to microencapsulation, has gained 

relevance due to its advantages of stability, 

efficiency, and controlled release 

(Muhammad, 2022). Nano-encapsulation is 

used for the protection of bioactive and 

volatile components from the external 

environment and has controlled release and 

targeted delivery systems. It also increases 

the bioavailability, bio-accumulation, 

stability, and biodistribution of the 

encapsulated compounds.  

Chitosan is derived from the deacetylation 

of chitin, a linear polysaccharide from the 

exoskeleton of crustaceans, insects, and 

fungi, and has garnered a lot of attention in 

the medical field because of its cationic 

nature and varied advantageous properties 

like pH sensitivity, bio-compatibility, 

nontoxic, and biodegradability (Ngwuluka 

et al., 2021). It is a linear cationic 

polysaccharide of N-acetyl-D-glucosamine 

and D-glucosamine linked by a β-1-4-

glycosidic bond and can be easily worked 

on and designed for different purposes like 

nanoparticles, films, and membranes for 

different applications (Yanat and Schroën, 

2021). It was granted by the Food and Drug 

Administration (FDA) of the USA as GRAS 

(Generally Recognised as Safe), and can be 

used as a dietary supplement and wound 

dressings under the U.S. FDA, 2019a and 

FDA, 2019b, respectively. It is known for 

its ability to stimulate the immune system 

and mucoadhesive capability and has been 

used as an adjuvant for different vaccine 

studies, like Anthrax, Hepatitis B and 

http://www.thebioscan.com/
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Schistosoma mansoni (Ghadi et al., 2014). 

Chitosan has the ability to form hydrogen 

bonding with phenolic compounds and 

other functional compounds and interacts 

electrostatically with them, due to which 

they are established for effective delivery of 

the bioactive compounds through targeted 

and controlled release. This ability is often 

utilized in nanoencapsulation of the 

bioactives within chitosan forming 

bioactive compound-chitosan 

nanocomplexes, enhancing the stability, 

dissipation/diffusion, and functional release 

and expression of the phytochemicals in the 

targeted environments (Wang et al., 2025). 

For this application, chitosan is most often 

utilized by technologies in encapsulation 

throughout pharmaceutical and food related 

research. With these considerations, the 

present study encapsulated phytochemical-

rich extracts from H. cordata, sourced from 

Meghalaya in India and was systematically 

investigated for feasibility in formulating 

nanoencapsulation of bioactives in chitosan 

nanoparticles. Further an attempt was made 

to relate the pure plant extract data with the 

nanoencapsulated H. cordata extract for 

their antioxidant activity. 

 

MATERIAL AND METHODS 

Chemicals  

Chitosan (deacetylated 75%) was purchased 

from Loba Chemie, India. Sodium 

tripolyphosphate (STTP), Sodium chloride 

(Nacl), Potassium phosphate monobasic 

(KH2PO4), Potassium chloride (KCl), 

Sodium phosphate monobasic (Na2HPO4) 

and Potassium persulphate (K2S2O8) were 

purchased from SRL Pvt. Ltd, India. ABTS 

(2,2-Azinobis (3-ethylbenzothiazoline-6-

sulfonic acid) and DPPH (2,2-Diphenyl-1-

picrylhydrazyl) were purchased from 

Sigma-Aldrich, USA.   

Plant material 

The plants were harvested during the 

monsoon season from June - September 

from the wild of East Khasi Hills District, 

Meghalaya, India, located in the 

coordinates of N 25° 22' 5.4372", E 91° 45' 

13.9752. 

http://www.thebioscan.com/
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Preparation of Houttuynia cordata 

extract (HCE) 

The whole plant (leaves, stem, and roots) 

was washed with water (distilled) and dried 

at 35°C in the hot air oven. The dried plant 

was ground into a powder. Thereafter, 100g 

of powdered plants was soaked in 1 L of 

80% ethanol for one week. The soaked 

sample was filtered with filter paper, and 

the filtrate was evaporated with a rotary 

evaporator. The obtained HCE (Houttuynia 

cordata extract) was stored at 4℃ for 

further use (Poolsil et al., 2017). 

Preparation of Houttuynia cordata 

extract loaded in chitosan (HCECS) 

nanoparticles 

The Houttuynia cordata extract-chitosan 

(HCECS) nanoparticle were synthesized by 

the ionic gelation method with slight 

modification (Koyani and Vazquez-Duhalt, 

2016; Chatterjee et al., 2021). Chitosan was 

dissolved in 1% aqueous acetic acid, and 

Sodium tripolyphosphate (STPP) was 

dissolved in water at a ratio of 1:0.5.  Three 

concentrations of Houttuynia cordata 

extract (HCE) were added to the chitosan 

solution (1, 2.5, and 5 mg./ml) and stirred 

till it became a homogenous solution. 

Following this, STPP (Sodium 

tripolyphosphate) was then added to the 

homogeneous solution dropwise, with 

constant stirring for 30 minutes at 800 rpm. 

The homogeneous solution was then 

transfer into a 50 ml centrifuge tube and the 

solution was centrifuged for 15 minutes at 

10000 rpm, and the resulting pellet 

(HCECS) was lyophilise and stored at 4℃ 

for further analysis. Figure 1 shows the 

flowchart depicting the experimental 

workflow from synthesis of H. cordata 

extract loaded in chitosan nanoparticles, 

their physicochemical characterization and 

analysis of antioxidant activity. 

Encapsulation efficiency  

The Encapsulation efficiency (EE) was 

measured by UV-Visible spectroscopy 

(Agilent Technology, USA) (Liang et al., 

2011; Egil et al., 2020). The colloidal 

suspension was taken in 50 ml centrifuge 

tube and was centrifuged at 10000 rpm for 

http://www.thebioscan.com/
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10 minutes at 4°. The supernatant was 

collected and determined for the absorbance 

at 409 nm. The EE was calculated according 

the following formula: 

EE (Entrapment Efficiency) (%) = 
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐻𝐶𝐸−𝐹𝑟𝑒𝑒 𝑎𝑚𝑎𝑜𝑢𝑛𝑡 𝑜𝑓 𝐻𝐶𝐸

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐻𝐶𝐸 
×  100 

Characterization  

Particle size and Polydispersity Index 

analysis (PDI) 

The average size of the nanoparticles and 

PDI were analysed using a Zeta-Sizer 

(Nano ZS90, Malvern analytical), in a 

folded capillary cell at 25℃ room 

temperature (Costa et al., 2023). 

 

Transmission Electron Microscope 

(TEM) analysis 

The shapes and form of the nanoparticles 

were recorded using TEM (Transmission 

Electron Microscope). The nanoparticles 

were dispersed on a copper grid and was air-

dried before analysis (Bin-Jumah et al., 

2020). 

Fourier Transform Infrared 

Spectrometer (FTIR) analysis 

The synthesized nanoparticles (HCECS) 

were analysed by FTIR (Fourier Transform 

Infrared Spectrometer) for their 

constituents. The nanoparticles were 

recorded in transmission mode at 

wavenumbers ranging from 4000 to 400 cm-

1 (Lazaridou et al., 2020). 

Antioxidant activities  

The antioxidant activity of the HCE 

(Houttuynia cordata extract) and 

Houttuynia cordata-chitosan (HCECS) 

nanoparticles was tested using DPPH and 

ABTS assays, which measure free radical 

scavenging activity. 

DPPH assay  

DPPH (2,2-diphenyl-1-picrylhydrazyl) was 

dissolved in methanol (0.039g.L-1), and 

different concentrations of HCE and 

HCECS nanoparticles were added to DPPH 

in methanol. Both the HCE and HCECS 

nanoparticle in DPPH solution was 

incubated for 30 minutes at 37°C. The 

absorbance was measured at 517 nm using 

a spectrophotometer along with a blank 

http://www.thebioscan.com/
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(Sayah et al., 2017). Standard ascorbic acid 

was used. The concentration required to 

scavenge 50% of the DPPH solution was 

calculated by the IC50 value. 

DPPH scavenging activity% = 
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
×  100 

ABTS assay  

Approximately 7 mM ABTS [2,2'-azino-bis 

(3-ethylbenzothiazoline-6-sulfonic acid)] 

and 2.45 mM Potassium persulfate 

(K2S2O8) were dissolved in PBS (phosphate 

buffered saline) for the production of ABTS 

cation solution. The cation solution was 

incubated for 12 to 16 hours in the dark 

before being used. Concisely different 

concentrations of HCE were added to the 

cation solution, followed by 2 minutes of 

incubation. Then, the HCECS nanoparticles 

were added to the cation solution and 

incubated for 60 minutes at 37°C in the 

dark. The absorbance was measured at 734 

nm (Muller and Bohm, 2021; Ghafaripour 

et al., 2023). Standard ascorbic acid was 

used, and the concentration required to 

scavenge 50% of the ABTS cation solution 

was calculated by the IC50 value.  

ABTS radical scavenging activity% = 
𝐴𝑏𝑠𝑜𝑟𝑏𝑛𝑎𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
×  100 

 

Fig. 1. Experimental workflow – synthesis of H.cordata extract loaded in chitosan 

nanoparticles, their physicochemical characterization and analysis of antioxidant activity 

http://www.thebioscan.com/
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Statistical Analysis 

Data are expressed as mean ± Standard 

deviation (SD). Statistical analysis was 

performed using one-way ANOVA, with a 

significance level set at p˂0.05 was 

accepted.  

RESULTS AND DISCUSSION 

Encapsulation efficiency  

Encapsulation efficiency of the three 

different concentrations was analysed by 

UV-Vis Spectrophotometer (Agilent 

Technologies, USA). The achieved 

encapsulation of 1 mg, 2.5 mg, and 5 mg 

HCECS were 86 ±1.17%, 70.2 ± 1.71% and 

55.5 ±2.27%, respectively (significant 

p<0.05 Tukey’s post hoc test). The 

encapsulation of anthocyanin and thyme 

essential oil-loaded chitosan nanoparticle 

was reported to be 70% and 98% 

respectively (Chatterjee et al., 2021; 

Vafania et al., 2019; Chung et al. (2020) 

have reported the encapsulation of 

resveratrol-chitosan nanoparticles between 

33 % and 37.1%, while the encapsulation of 

curcumin, essential oil of thyme, cinnamon 

and mint loaded chitosan nanoparticle was 

reported to be 66%, 75.4%, 69.7% and 

65.2% respectively. In the current study, the 

ionic gelation method has been utilised, and 

the encapsulation efficiency is affected by 

several factors, such as materials, 

concentrations and volatility of the 

compound. Encapsulation of the plant 

extract by chitosan and the cross-linking 

properties of sodium tripolyphosphate can 

stabilise, protect and increase 

bioavailability of the bioactive compounds 

(Oakolade et al., 2017; Nouri, 2019). The 

decrease in encapsulation efficiency with 

the increase in concentration may be due to 

the adsorption capacity or chemical 

saturation of the binding sites in the 

polymer (CS), which decreases the 

encapsulation efficiency (Mohammadi et 

al., 2015), and the increase in CV% denotes 

that with increase in dose loaded for 

HCECS, there exhibits greater variability 

and reduction in stability of the formulation. 

The results are shown in Table 1. 

http://www.thebioscan.com/
http://www.thebioscan.com/


         

21344 

 

21(2): S.I (2), 21336-21367, 2026                                        www.thebioscan.com      

Table 1: Encapsulation efficiency (EE) of three different concentrations (1, 2.5, and 5 mg) 

of HCECS nanoparticles  

HCECS Dose 

 

EE (%) ± SD CV% One-way ANOVA 

interpretation 

1 mg 86.0a±1.17 1.36 
F(2,6) = 331.5. p 

<0.0001 
2.5 mg 70.2b±1.71 2.44 

5 mg 55.5c±2.27 4.09 

Legend: HCE – Houttuynia cordata extract, HCECS (1mg, 2.5mg and 5mg)– Houttuynia 

cordata-chitosan nanoparticle, CSNP – Unloaded chitosan nanoparticle, CV – coefficient of 

variation, Data was expressed as mean ± Standard Deviation (SD), n = 3, a, b, c signified 

different superscripts indicate significant differences (Tukey’s post-hoc test, where p < 0.05).  

 

Particle size and Polydispersity Index (PDI) 

Particle sizes and PDI of the CS, HCECS nanoparticles were analysed by a Zeta-Sizer (Nano 

ZS90, Malvern Analytical).  Particle sizes of the unloaded CS, HCECS (1mg), HCECS (2.5mg), 

and HCECS (5mg) were 297, 331, 354 and 409 nm, respectively (Table 2 and Fig. 2 A-D). The 

PDI (Polydispersity Index) measured the particle distribution in a suspension. The PDIs were 

0.605, 0.176, 0.181, 0.212 for unloaded CS, HCECS (1mg), HCECS (2.5mg), and HCECS 

(5mg), respectively (Fig. 2 A-D). PDI value, which is closer to 0, is considered homogeneous, 

whereas greater than 0.3 is considered heterogeneous suspension. Compared to the results, the 

PDI of HCECS nanoparticles is a homogenous distribution, which is desirable for synthesising 

nanoparticles (Gonzales et al., 2021). The reported sizes of chitosan nanoparticles synthesised 

via the ionic gelation method typically ranged from 100 to 300 nm (Fullagar et al., 2017; Bin-

Jumah et al., 2020; Kole et al., 2019; Ahmed et al., 2020; Ge et al., 2018). Ha et al. (2019) and 

Ghormade et al. (2011) reported that the chitosan nanoparticles were sizes 300 to 750nm and 

100 to 500 nm, respectively, on one hand, whereas, Barzegar et al. (2023) have reported that 

the Eschium amoenum-chitosan nanoparticles were 98 and 108 nm, and the particle size of Aloe 

http://www.thebioscan.com/
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perryi-chitosan nanoparticles was 168 – 214 nm (Aldeyel et al., 2023). Jiang et al. (2024) 

reported the sizes of 379 and 360 for unloaded and loaded nanoparticles. The PDI (0.605) of 

the CS nanoparticles is shown to be homogeneous. The size of the nanoparticles synthesized in 

the present study was also seen to fall within ranges of 297 to 409 nm, (as can be seen from 

Fig. 2 A-D), which is similar to previous reports by work on chitosan nanoparticles. The PDI 

of CSNP is more than 0.3, which shows to be heterogenous.  

Table 2: Summary of Zeta Sizer Parameters – particle size and polydispersity index (PDI 

of samples 

Sample Z-

Averag

e (nm) 

PDI Intercep

t 

Peak 1 Peak 2 

Size 

(nm) 

Intensit

y (%) 

Widt

h 

(nm) 

Size 

(nm) 

Intensit

y (%) 

Widt

h 

(nm) 

CSNP 

(unloaded 

CS) 

297.1 0.60

5 

0.320 19.0

5 

91.3 3.327 316.

1 

38.7 97.19 

HCECS-1 

(1 mg 

loaded 

HCECS 

nanoparticle

) 

331.4 0.17

6 

0.171 331.

5 

100.0 93.11 – – – 

HCECS-2.5 

(2.5 mg 

loaded 

HCECS 

nanoparticle 

354.1 0.18

1 

0.171 364.

5 

100.0 102.2 – – – 

HCECS-5 

(5 mg 

loaded 

HCECS 

nanoparticle 

) 

409.1 0.21

2 

0.166 398.

7 

100.0 81.94 – – – 

 

http://www.thebioscan.com/
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Fig. 2. Particle size distribution profiles of (A) CSNP (unloaded CS), (B) HCECS-1 – 1 mg 

of extract loaded nanoparticles, (C) HCECS 2.5 – 2.5 mg of extract loaded nanoparticles 

and , (D) HCECS 5 – 5 mg of extract loaded nanoparticles. 

 

A concentration-dependent trend could be observed, beyond the EE individual values. When 

the load of HCE for nanoencapsulation was increased from 1 mg to 5 mg (as shown in Table 1 

and 2), a gradual decline could be seen in encapsulation efficiency from 86.0% to 55.5%. Such 

similar decrease in entrapment efficiency has been reported for chitosan-based nanoparticle 

systems with increase in higher concentrations of load, where the amount of bioactive 

compound exceeds the effective incorporation capacity of the polymeric matrix (Mohammadi 

et al., 2015). In the present study, the reduction was not instantaneous, suggesting that the 

chitosan–STPP network held a significant percentage of the extract even at higher concentration 

loading levels. However, the lower trends of EE obtained for 2.5 and 5 mg concentration of 

HCE indicates that further increase of extract concentration was not showing proportional 

increase in encapsulation. This behaviour may be explained as reflecting competition for 

binding and entrapment regions among the constituents of the phytochemicals in the extract 

within the nanoparticle structure, a phenomenon frequently observed when the polymer-to-

http://www.thebioscan.com/
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cargo ratio becomes less favourable (Lee et al., 2021). Similar observations have been discussed 

for chitosan nanoparticle formulations, where loading efficiency is governed not only by the 

quantity of encapsulated material but also by the physicochemical interactions established 

during nanoparticle formation (Herdiana et al., 2024). Collectively, these findings suggest that 

maintaining an appropriate extract-to-polymer ratio is critical for achieving efficient 

encapsulation of HCE in chitosan nanoparticles. 

Transmission Electron Microscope (TEM) Analysis  

The shapes and form of HCECS nanoparticles were assessed by a Transmission electron 

microscope (JEOL 200 KV, Japan). The images below (Fig. 3) confirmed the formation of 

Houttuynia cordata nanoparticles (HCECS). The HCECS nanoparticles were well-developed, 

with a distinct, spherical shape. The spot inside the nanoparticles might be HCE dispersed in 

STTP-linked in the chitosan polymers complex (Chatterjee et al.,2021; Ge et al., 2018; Manne 

et al., 2020). 

 

Fig. 3. Transmission electron microscope (TEM) micrography - images of HCECS 

nanoparticles confirming predominantly spherical nanoparticles and successful 

encapsulation at nanoscale level 

 

http://www.thebioscan.com/
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FTIR Analysis 

Houttuynia cordata crude extract (HCE) and HCECS nanoparticles were analysed by Bruker 

Alpha FTIR Spectrometer. The absorption peaks of HCE (Fig. 4) were observed at 3396cm -1 

(0-H stretching) suggesting the presence of hydroxyl group, the intense peak at 2854 cm-1 to 

2924 cm-1 suggest the C-H (Carbon-Hydrogen) stretching, 1729 cm-1 and 1517 cm-1 to 1609 

cm-1 indicate the C=O (Carbonyl, Carbon to Oxygen double bond) stretching of the CHO 

(aldehyde) or polyphenol, 1055 cm-1 to 1453 cm-1 suggest to C-O (Carbon-Oxygen) stretching 

representing the alkoxy group. The FTIR data of the HCE indicate the presence of ketone, 

polyphenol carbonyl groups (Chen et al., 2023; Kim and Imm, 2018). The absorption peaks of 

HCECS nanoparticles were observed at 1642 cm-1, 2860-2930 cm -1 and 1090-1464 cm -1. The 

U-shape dip or the broad peak at 3396 cm-1 suggests the H-bonding between HCE polyphenols 

and chitosan amino groups.  

 

Fig. 4. FTIR spectra of HCE (red), HCECSNP 1mg (orange), 2.5 mg (black), and 5mg 

(blue) 
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The intense peak (Fig. 4) observed in all three concentrations (1mg, 2.5mg and 5 mg) at 1642 

cm -1 represents the amide group, which is on one of the functional groups of CS. The peaks 

observed from 1090-1464 cm-1 showed the overlap of the HCE with CS bands. The extra peaks 

that we observed in 5mg of HCECS nanoparticles at 2860-2930 cm-1 might be due to increased 

concentration of the HCE, which overlapped with the CS band (Das et al., 2019; Quyen et al., 

2018). The FTIR spectra of HCECS nanoparticles displayed observable broadening in the 

hydroxyl region along with shifts in the characteristic amide bands relative to free HCE. These 

spectral changes point towards the establishment of intermolecular interactions during 

nanoparticle formation. Polyphenolic compounds possess numerous hydroxyl groups which 

can interact with the amino group of chitosan through hydrogen bonding, which is further 

stabilized by the electrostatic attractions leading to formation of the polymer–bioactive complex 

(Pattnaik et al., 2022; Wang et al., 2025). In FTIR studies, there have been similar reports for 

patterns observed in interactions between functional groups in chitosan-based nano delivery 

systems, which is attributed to the function of hydrogen bonding for associations between 

phenolic compounds and the chitosan polymer (Zurek and Adamczyk, 2025). The observations 

in band shifts show that there is molecular interaction between the constituents of HCE and the 

polymer, though FTIR alone cannot provide evidence for all the intermolecular interactions in 

the nanoencapsulations. The successful development and retention of H. cordata extract in 

chitosan nanoparticles may be facilitated due to these interactions (Pattnaik et al., 2022; Wang 

et al., 2025; Zurek and Adamczyk, 2025). 

Effect of HCE Concentration Load Citosan Nanoparticle Formulation Behaviour 

When EE [Fig. 5 (A)], particle size [Fig. 5 (B)]  are observed together alongwith HCE 

concentration load during nanoparticle formulation, a trend could be observed. The size of the 

nanoparticle was observed to increase with increase in concentration of HCE-load [Fig. 5 (B)], 

while a trend of decrease in EE [Fig. 5 (A)] was seen with the increase in extract-load. This 
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trend may be explained as alteration caused by increased amounts of HCE load on the chitosan 

matrix organization during the formation of nanoparticles (Lee et al., 2021). Similar 

observations have been reported, wherein, a balance is to be made between the encapsulated 

material and the encapsulating polymer for formulation of an efficient nanoparticle with 

favourable particle characteristics (Lee et al., 2021). Nanoparticles formulated with chitosan 

polymers have been reported for having limited capacity of load as well as formulation 

performance affected by the interaction between chitosan matrix and the compounds 

encapsulated (Herdiana et al., 2024). In the present work, the increase in particle size as well as 

reduction in encapsulation efficiency (EE) with the increase in loading concentration of HCE 

suggests that the nanosystem became less efficient at retaining the constituents of HCE as load-

concentration increased (Lee et al., 2021; Herdiana et al., 2024). 
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Fig. 5. Influence of Houttuynia cordata extract loading concentration on formulation 

characteristics and antioxidant activity of HCECS nanoparticles. (A) Encapsulation 

efficiency (%); (B) particle size (nm); (C) DPPH IC₅₀ (µg mL⁻¹) as affected by increasing 

HCE loading concentration. 

 

These findings draw focus towards a 

relationship between HCE load and 

encapsulation efficiency (EE) in the 

formulation of the HCECS nanoparticles. 

Lower HCE concentrations yielded smaller 

sized nanoparticles with better EE, 

suggesting more efficient incorporation of 

bioactive compounds in the HCE. This can 

be interpreted as, higher HCE loading, 

which means increase in total amount of 

HCE associated with the nano formulation, 

produced larger sized particles and lesser 
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EE. These trends in formulation behaviour 

can be utilized in selecting application-

specific formulations, since the most 

effective and efficient nanosystem may not 

necessarily mean as containing the highest 

quantity of bioactive material (Herdiana et 

al., 2024). 

In Fig. 5 (A), (B) and Fig. (C), as can be 

seen, an increase in HCE loading yielded 

reduced EE [Fig. 5 (A)],  while 

simultaneously increasing particle size [Fig. 

5 (B)] and antioxidant activity [Fig. 5 (C)]. 

Although the efficiency of entrapment 

declined, the greater amount of 

incorporated extract appeared sufficient to 

enhance radical scavenging activity. The 

results therefore suggest that optimisation 

of HCECS formulations requires balancing 

encapsulation performance with the desired 

functional properties of the final 

nanoparticle system. 

 

Antioxidant Activity Analysis 

Antioxidant activity analysis was 

performed using a UV-Vis 

Spectrophotometer (Agilent Technologies, 

USA). The HCE, HCECS nanoparticles, 

and CS nanoparticles were analysed against 

DPPH and ABTS inhibition assays (Table 

3). The DPPH scavenging activities (Fig. 6) 

of HCE, HCECS nanoparticles  (5mg, 

2.5mg, 1mg) and CSNP with IC50 values 

were found to be 135.77±0.66µg/ml, 

299.49±0.59µg/ml, 415.15±1.13µg/ml, 

766.08±5.05µg/ml and 2400.02±40.67, 

respectively, compared to ascorbic acid 

75.64±0.03µg/ml (p <0.05). The ABTS 

scavenging activities (Fig. 7) of HCE, 

HCECS nanoparticles (5mg, 2.5µg/mg, 

1mg) and CSNP with IC50 values were 

118.28±0.42µg/ml, 149.90±1.17µg/ml, 

156.35±0.7µg/ml, 159.22±4.05µg/ml and 

1445.29±18.05, respectively (p <0.05), 

compared to ascorbic acid 74.59 

±1.12µg/ml. Poolsil et al. (2017)  have 

reported the DPPH scavenging activity of 

HCE with an IC50 values of 115.98 µg/ml, 

Pakyntien et al. (2021)  reported that 

methanol and aqueous extracts have IC50 

values of 47.94µg/ml and 109.99 µg/ml, 
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respectively. Kim et al. (2024)  and 

Sakuludomkan et al. (2021) have confirmed 

that the DPPH and ABTS scavenging 

activities of HCE with IC50 values of 103.3 

µg/ml, 37.88 µg/ml and 18.12±0.37μg/ml, 

13.83 µg/mL, respectively. The antioxidant 

activities of HCE were higher as compared 

to those of the HCECS nanoparticles in both 

DPPH and ABTS assay analysis. Chatterjee 

et al. (2021) and Vafania et al. (2019) 

reported that free anthocyanin and thyme 

essential oil have higher antioxidant activity 

than that of the nano-encapsulated NP. This 

might be because the free phenolic 

components present in the HCE were able 

to scavenge the free radical, as compared to 

the nano-encapsulated HCE, where the 

phenolic components interact with the 

polymer (CS) during encapsulation and 

prevent interaction. The percentage of 

inhibition for DPPH and ABTS for HCECS 

(5mg) nanoparticles was observed to be 

around 80% at 500µg/ml. 

Although encapsulation reduced 

antioxidant activity relative to the free 

extract, a clear concentration-dependent 

improvement was observed among the 

nanoparticle formulations. Increasing HCE 

loading from 1 mg to 5 mg progressively 

decreased DPPH IC50 values from 766.08 

µg/ml to 299.49 µg/ml and ABTS IC50 

values from 159.22 µg/ml to 149.90 µg/ml. 

The lower the IC50 values, greater is the 

radical scavenging activity of 

phytochemicals (Gulcin and Alwasel, 

2023), which lead to the interpretation that 

with increase in HCE loading 

concentrations, the HCECS nanoparticles 

showed better antioxidant activity in 

relation to DPPH and ABTS. This increase 

was accompanied by decline in EE with 

load-increase, which points towards the 

suggestion that the antioxidant activity of 

the extracts was not influenced by the 

amount of HCE retained in the nanocapsule, 

but also by the concentration of the HCE 

loaded in the formulation. Herdiana et al. 

(2024) have also reported similar findings 

in nanosystems formed with chitosan 

polymers, where loading concentration and 
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EE together influenced the functional 

behaviour of the final carrier nanosystem. 

The relationship emphasizes that a highly 

effective and efficient nanoformulation 

does not necessarily deliver the maximum 

amount of bioactive material. 

Comparable studies have highlighted that 

formulation performance in nanosystems is 

greatly affected by the ratio between the 

carrier matrix (polymer) and the 

incorporated bioactive compounds, with 

optimisation often requiring a balance 

between loading characteristics and 

functional outcomes (Lee et al., 2021; 

Herdiana et al., 2024). Taken together, these 

findings signifies that nanoformulation 

optimisation should not rely solely on 

encapsulation efficiency as a measure of 

nanoparticle quality. Instead, 

physicochemical properties and biological 

functionality should be evaluated 

collectively to identify formulations that 

provide the most appropriate balance 

between structural characteristics and 

antioxidant performance. 

 

Table 3 IC50 Value of ascorbic acid, HCE, HCECS nanoparticles (5,2.5, and 1mg) and CS 

nanoparticles on DPPH and ABTS assays  

Treatments DPPH activities ABTS activity 

 IC50 (µg/ml) CV % IC50 (µg/ml) CV % 

Ascorbic acid 77.26a±0.13 0.17 76.91a±0.50 0.65 

HCE 135.77b±0.66 0.49 118.28b±0.42 0.36 

HCECS (5mg) 299.49c±0.59 0.20 149.90e±1.17  0.78 

HCECS (2.5mg) 415.15d±1.13 0.27 156.35d±0.78 0.50 

HCECS (1mg) 766.08e±5.05 0.66 159.22c±4.05 2.54  

CSNP 2400.02f±40.16 1.67 1445.29f±18.18 1.26 

 ANOVA F(5,12), p<0.05   
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Legend: HCE – Houttuynia cordata extract, HCECS (1mg, 2.5mg and 5mg)– Houttuynia 

coradata-chitosan nanoparticle, CSNP – Unloaded chitosan nanoparticle, Data was expressed 

as mean ± Standard Deviation (SD), n = 3. The results were expressed in  IC50 (µg/ml) 

 

 

 

Fig. 6. Percent inhibition of standard, HCE, unloaded CS, and HCECS (1, 2.5, and 5mg) 

against DPPH  

 

 

 

Fig. 7. Percent inhibition of standard, HCE, unloaded CS, and HCECS (1, 2.5, and 5mg) 

nanoparticles against ABTS 
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The present study illustrated that the HCE-

chitosan (HCECS) nanoparticles were 

successfully synthesised by the ionic 

gelation method. The HCE-chitosan 

nanoparticles were characterised by 

successful encapsulation, and satisfactory 

encapsulation efficiency. The nanoparticles 

were seen to be predominantly of spherical 

shape, and the sizes of the HCECS 

nanoparticles typically ranged from 200 to 

400 nm, with the PDI between 0.1 to 0.6. 

Changes in extract loading influenced 

several characteristics of the nanoparticle 

system. The encapsulation efficiency of the 

HCECS nanoparticles decreased as the 

concentrations of loaded HCE extract 

increased. In contrast, antioxidant activity 

improved with increasing extract 

concentration. Nanoencapsulated extract 

retained antioxidant activity, although the 

free extract demonstrated stronger radical 

scavenging properties. Among the 

formulations studied, the IC50 value of the 

HCECS (5mg) nanoparticles for both 

DPPH and ABTS assays showed highest 

activity for radical scavenging. The results 

suggest that formulations with higher 

extract loading may provide greater 

functional activity despite lower 

encapsulation efficiency. Therefore, 

selection of an optimum formulation should 

consider both physicochemical properties 

and biological performance rather than a 

single parameter alone. FTIR analysis 

further corroborate on the interactions 

developed between the functional groups 

present in the HCE and the chitosan 

polymer matrix, validating that the 

bioactive compounds have successfully 

integrated in the nanosystem. The results 

confirm that chitosan polymers can be 

successfully formulated as a carrier for H. 

cordata extracts. There is a need for further 

validations into the release studies, 

antimicrobial, antidiabetic properties, etc., 

as well as toxicity studies of the 

nanoencapsulated H. cordata extract in 

order to explore its potential applications in 

food and nutraceutical systems. 
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