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ABSTRACT: 
Nanoparticles from natural polymer materials chitosan are widely applied in drug delivery systems because of 

their unique properties, such as biocompatible, biodegradable, mucoadhesive, and increased permeation. This 

study aimed to synthesize chitosan nanoparticles Centella asiatica. The method used is ionic gelation using the 

crosslinker polyanion tripolyphosphate (TPP) with a difference in sonification time: 90, 120, 150 minutes.  The 

difference in sonification to obtain the preparation conditions that can produce particles under 200nm with a 

good level of dispersion and stability, a study on the effect of sonification time on chitosan nanoparticles 

physical characteristics is performed. The PSA analysis result showed that the average particle size of C.asiatica 

extracts at 90, 120, 150 minutes sonication was 286.2nm, 269.2nm, 299.1nm. The results of the examination 

using FTIR showed that the C. asiatica extract had N-H and P = O groups, which meant that the ammonium ion 

had interaction of chitosan with the polyanion of TPP and C. asiatica extract. N-H absorption of pure chitosan 

shifted from 1597.06cm-1 to 1640.56cm-1, indicating a crosslinking between ammonium ions in chitosan and 

phosphate ions from TPP and C. asiatica extract. The formulation of using XRD showed that the amorf form of 

nanoparticle C. asiatica extracts is supported by particle morphology imaged using SEM. Based on the results 

obtained, the synthesis of nanoparticles C. asiatica extract in this study has been successful. 
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INTRODUCTION:   
Most people have used a variety of Indonesian plants as 

traditional medicine for generations1. This is partly 

because raw materials are easily obtained and affordable 

and can be obtained without a doctor's prescription. One 

type of plant used in traditional medicine is C. asiatica.  
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The active compounds of C. asiatica are triterpenoid 

saponins, genins, essential oils, flavonoids, phytosterols, 

sugars tannins, amino acids, fatty acids, alkaloids, and 

mineral salts. C. asiatica extract in the form of herbal 

concoctions, caplets, and other preparations requires 

relatively large amounts, and the active compounds have 

low solubility in water. The active compounds with low 

solubility in water will affect the bioavailability of 

active compounds in the body. To overcome this 

problem, nanoparticles of chitosan TPP C. asiatica 

extract can be developed to increase active extract 

compounds' bioavailability2-12. 
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Today, the application of nanotechnology is extensive, 

including applications in the field of health and 

pharmacy, which include drug delivery, medical 

implants, and the cosmetics field13. Drug delivery efforts 

using nanoparticles will cause drugs to spread more 

easily in the blood and quickly give effect14. 

Nanoparticles that are often used as drug delivery and 

are not harmful to the human body are chitosan 

nanoparticles15. 

 

Chitosan is a natural polysaccharide that is non-toxic 

and quickly biodegradable16. The structure of chitosan 

resembles cellulose and can form a gel in an acidic 

atmosphere. Chitosan has properties as a matrix in drug 

delivery systems17. The advantages of this characteristic 

mean chitosan have extensive applications and use, such 

as the examples previously described. Besides, 

processing it into nanoparticles enables chitosan to be a 

more effective pharmaceutical or drug delivery agent. 

The greatest results can be achieved by its ability to 

achieve therapeutic action. In most treatments, some in 

conventional doses, only a small portion of the dose 

reaches the target. In contrast, most of the drug is 

distributed to other parts of the body according to its 

physicochemical and biochemical properties18. 

 

One method used for the synthesis of chitosan 

nanoparticles is ionic gelation18. Hence ionotropic 

gelation method can use to prepare these chitosan 

nanoparticles as it is very simple and having lots of 

advantages then other methods. In this method, the 

formulation principle of nanoparticles is electrostatic 

interactions between amine groups in positively charged 

chitosan and negatively charged TPP polyanion to form 

a three-dimensional intramolecular structure19. 

 

MATERIALS AND METHOD: 
Material: 

Centella asiatica simplicia, ethanol (Bratachem), 

chitosan (Sigma Aldrich), Tripolyphosphate (Sigma 

Aldrich), and acetic acid (Merck). 

 

Extraction of C. asiatica: 

Simplicia was macerated using 70% ethanol solvent, 

soaked for 24hours, then filtered. The maceration 

process was repeated three times until a clear colored 

filtrate was obtained. The filtrate obtained was 

concentrated with a rotary evaporator at 50oC. 

 

The nanoparticle of Chitosan TPP C. asiatica extract: 

The method used is ionic gelation with a difference in 

sonification time: 90, 120, 150 minutes. 0.1g of 

C.asiatica extract was dissolved in 70% ethanol by 5 

mL. Each of the 0.5%, 0.75%, and 1% chitosan 

solutions was put into 100ml of acetic acid and stirred 

until dissolved. Tripolyphosphate (TPP) as much as 0.1 

g, 0.15g, and 0.2g were then dissolved, each with 

distilled water up to 20mL, 30mL, and 40mL. Then, at 

each concentration of the solution, 1mL of tween 80 was 

added and stirred using a homogenizer at 1,000rpm for 

10minutes. The mixture of chitosan, TPP, and C. 

asiatica extract was homogenized using a disperser with 

a speed of 3,000rpm for 30minutes. The ultrasonication 

results were dried using freeze-drying to obtain powder 

samples. 

 

Examination of Particle Size and Potential Zeta: 

Particle size measurements and particle size 

distributions were performed using the Microtec 

Nanowave II Particle Size Analyzer. Samples of 1.0g 

nanoparticles were then added with distilled water up to 

a volume of 10mL and put in a cuvette. The cuvette 

filled with the sample was inserted into the sample 

holder, the tool turned on, and the particle size menu 

selected. The instrument measured the sample for 10 

minutes. The data generated are a particle size calculated 

from fluctuations in the average intensity of light 

scattering. 

 

Test of Functional Group Nanoparticles Chitosan-C. 

asiatica extract with FTIR: 

The test was carried out using an Infrared Fourier 

Transform (FTIR FT1000). A total of 2.0mg of chitosan 

nanoparticles of extract C. asiatica was homogenized 

with 100mg KBr. The mixture was dried with a vacuum 

freeze dryer for one day. Furthermore, the powder 

mixture ticks were irradiated with infrared light. 

 

Test of Crystality Nanoparticles Chitosan-C. asiatica 

extract with XRD: 

The examination was carried out using X-Ray 

Diffraction (XRD). The 200mg sample was printed on a 

2 x 2.5cm mold made of aluminum. The level of 

crystallinity was determined using XRD with a 

wavelength source of 1.5406A20. 

 

Test of Particle Morphology: 

Particle morphology examination was performed by 

Scanning Electron Microscope (SEM). This examination 

was carried out to find out the particle morphology. The 

1g of sample was placed into a copper lattice coated 

with carbon, which was dried beforehand at room 

temperature, carried out at a voltage of 120KVA. The 

magnification used was 500x21. 

 

RESULT: 
Test of Particle Size and Potential Zeta of Chitosan 
C. asiatica Nanoparticles: 

The success of a sample into nanoparticles is 

characterized by measured sample size distribution. 

From the analysis of PSA chitosan nanoparticles, it is 

known that the average particle size and the addition of 



Research J. Pharm. and Tech. 16(8): August 2023  

3849  

TPP show the nanometer particle size. The examination 

results obtained an average particle size of chitosan 

nanoparticles of C. asiatica extract at sonication 90, 120, 

and 150 minutes, respectively of 286.2nm, 420nm, and 

416 nm. In this study, TPP stabilizers aim to stabilize 

the particles by inhibiting the formulation of aggregates 

so that the expected average size of particles in chitosan-

extract C.asiatica nanoparticles is smaller than the 

particle size of chitosan-extract. The chitosan particle 

size is 780-800 nm. The data showed that the synthesis 

of chitosan nanoparticles could reduce particle size, 

increasing the bioavailability of active compounds in the 

body. Details of particle measurement results are 

presented in Table 1. 

 
Table 1: Particle size and zeta potential of chitosan extract C. 

Asiatica nanoparticles. 

Time 
sonification 
(minute) 

Particle size 
(nm) 

Polydispersity 
Index 

Zeta 
Potential 
value (mV) 

90 293.20 0.195 20 

120 420.00 0.145 20 

150 416.00 0.060 20 

 

The particle size obtained in this study meets the 

requirements for the formulation of nanoparticles, 10-

10,000 nm. Many studies have shown that nanoparticles 

have several advantages over microparticles as a drug 

delivery system. Nanoparticles with size 100nm have an 

absorption capacity 2.5 times greater than 

microparticles, which are 1µm in size and have 

absorption times six times greater than microparticles 

that are 10µm in size. Based on the particle size and the 

size distribution of chitosan, C. asiatica extract can be 

the best drug delivery system. 

 

Particle size and size distribution characteristics are 

essential in nanoparticle systems. Particle size and size 

distribution are determined by in vivo distribution, 

toxicity, and targeting ability in nanoparticle systems. 

Besides, particle size and size distribution can also 

influence drug delivery, drug release, and nanoparticle 

stability22. 

 

The polydispersity index (PI) value is measured by the 

particle size distribution width with a value smaller than 

0.3, indicating that the sample has a narrow distribution 

and a homogeneous nanoparticle formula23. The smaller 

the polydispersity index value shows that the size 

distribution of nanoparticles is getting narrower, which 

means that the nanoparticles' diameter is getting more 

homogeneous24. All three sonification treatments 

showed values below 0.3 so that these treatments were 

uniform and homogeneous. 

 

The stability of a system is known with the potential 

zeta value. A particle is declared stable if it has a 

potential zeta value outside the range of -30mV to 

30mV. The 90-minute sonification treatment showed 

smaller particle size values than the other treatments. 

Positive values on zeta potential indicate that many 

nanoparticles are around the surface; the formed 

nanoparticles are much influenced by free amino groups, 

which will increase the charge on the surface and the 

potential zeta value of the nanoparticles. 

 

Test of Functional Group Nanoparticles Chitosan-C. 
asiatica extract with FTIR: 

The FTIR instrument is used to identify multiple groups 

in compounds but cannot determine their constituent 

elements. At FTIR, infrared radiation is passed through 

the sample. The sample absorbs some of the infrared 

radiation, and some are transmitted. The frequency of a 

specific vibration is equal to the frequency of infrared 

radiation going directly to the molecule and will absorb 

the radiation. The test results of the chitosan 

nanoparticle group of C. asiatica extract can be seen in 

Figure 2. 
 

 
 

 
 

 
Fig 2. The results of the examination of the functional groups of 

chitosan nanoparticles were C. asiatica extract sonication 90 (A), 

sonication 120 (B), and sonication 150 (C) using FTIR. 
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Figure 2 shows the chemical profile in a different 

spectrum pattern and has an essential characteristic. 

Chitosan has specific groups, namely -NH2 and –OH. 

Determination of the existence of C.asiatica extract in 

chitosan is needed to determine its coating ability. One 

method that can be used to determine the presence of C. 

asiatica extract is FTIR. 

 

The infrared spectrum can detect functional groups that 

are used to identify compounds in a polymer sample. 

FTIR in this study uses intermediate level wave 

numbers, namely 4000-400cm-1. The determination of 

the wavelength number is due to the determination of 

functional groups of organic compounds.  

 

FTIR's working principle is based on the absorption or 

transmitting of infrared light by the molecules making 

up a compound in the sample. If the frequency of a 

functional group's vibration is the same as the frequency 

of infrared ray radiation, the molecule absorbs the light. 

This causes not all infrared rays to be absorbed by the 

molecule, some of which are transmitted20. The results 

obtained from FTIR are transmittance graphs. Chitosan 

FTIR results can show the presence of hydroxyl groups 

at wave number 3425.56. The hydroxyl group in 

chitosan will appear on wave number 3425.56 cm-1 

because of the vibration strain interaction between the 

hydroxyl group and the amide group. In contrast, the 

chitosan amide function group is at wave number 

1640.56 cm-1. FTIR results showed that chitosan-

specific functional groups in the nanoparticle extract 

sonication 90, 120, 150. 

 

Test of Crystality Nanoparticles Chitosan-C. asiatica 
extract with XRD: 

The XRD method is based on the X-ray diffraction 

patterns for each crystalline material. The results of the 

examination of crystal formulation can be seen in Figure 

3. The XRD analysis is used to determine the physical 

structure of materials. Data obtained from XRD analysis 

were graphs of the relationship of X-ray diffraction 

angles in the sample with the intensity of the light 

reflected by the material. The results of the 

characterization of nanoparticle samples by XRD 

showed an amorphous form. The amorphous character 

shows that the constituent particles of a molecule are 

arranged irregularly and are less compact. The 

irregularity in the arrangement of these particles makes 

it easy for other molecules to be inserted. The more 

amorphous the nature of a molecule, the more easily 

inserted by other molecules20. A valley peak marks the 

amorphous shape of a particle at a diffraction angle of 

20°. 

 
Fig 3: The formulation  of chitosan-C.asiatica extract 

nanoparticles crystals with sonication 90 minutes (A), sonication 

120 minutes (B), and sonication 150 minutes (C) using XRD. 
 

Test of Morphology Nanoparticles: 

Based on the particle morphological analysis results, it 

was shown that chitosan-C.asiatica extract nanoparticles 

in the treatment sonification 90, 120, 150 minutes were 

mostly spherical. Functional characteristics of 

nanoparticles include smaller molecular weight, 

moderate viscosity, and a high degree of deacetylation. 

The nanoparticles produced have better characteristics, 

including having spherical particle shape, smaller and 

uniform particle size, higher zeta potential. 

Morphological tests of chitosan nanoparticles are shown 

in Figure 4.The shape and surface condition of 

nanoparticles is important because they can be used to 

determine the nature of drug release21. 
 

 
 

 

 
Fig 4. Morphology of chitosan - C. asiatica extract with sonication 

90 minutes (A), sonication 120 minutes (B), and sonication 150 

minutes (C) using SEM. 
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CONCLUSION: 
In the manufacturing of chitosan nanoparticles-C. 

asiatica extract was carried out by the ionic gelation 

method. This method's mechanism of formation of 

chitosan nanoparticles is based on the electrostatic 

interaction between the amine group in chitosan with the 

negative charge group from the NaTPP polyanion. 

Testing chitosan nanoparticles-C. asiatica extract using 

FTIR showed the interaction between C. asiatica extract 

and chitosan solution and TPP stabilizer, marked by 

shifting wave numbers. PSA analysis showed that the 

average particle size of C. asiatica extracts at 90, 

120,150 minutes sonication was 286.2nm, 269.2nm, 

299.1nm, respectively. The formulation using XRD 

showed that the amorphous nanoparticle C. asiatica 

extract was supported by particle morphology imaged 

using SEM. 
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