
Indian Journal of Chemistry 
Vol. 62, October 2023, pp. 1056-1060 

DOI: 10.56042/ijc.v62i10.6184 

Levodopa nanoencapsulation in nanostarch as anti-Parkinsonian drugs candidate 
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Parkinson's disease is caused by damage to the dopaminergic nerves in brain. Levodopa has been widely used to treat 
Parkinson's disease. The levodopa nano encapsulation aims to improve drug-delivery efficiency thereby increasing the 
concentration of released levodopa in the brain. This study aims to obtain the optimum conditions for levodopa nano 
encapsulation in nanostarch, the characteristics of levodopa–starch nanocapsules, encapsulation efficiency, and its drug-
release capabilities. Levodopa nano encapsulation has been carried out by ultrasonication method. Characterization has been 
carried out by FTIR, SEM, and TEM. The encapsulation efficiency is measured through changes in levodopa concentrations 
using a UV-Vis spectrometer. The drug release profile has been measured at pH 1.2 and 7.4 for 5 hours. The optimum 
conditions for levodopa nano encapsulation in nanostarch have been obtained at a mass ratio of nanostarch, maltodextrin and 
levodopa of 1:3:1. The SEM and TEM characterization show that levodopa–starch nanocapsules have a spherical 
morphology with the particle size ranged from 17.77-49.43 nm. The FTIR characterization show the presence of new peaks 
for C=O stretch and N-H bend. The highest encapsulation efficiency has been obtained at 46.11%. Drug release capability 
has been obtained by 40.93% in pH 1.2 media and 48.28% in pH 7.4 media for 5 hours of released time. 
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Parkinson's disease (PD) is the second most common 
neurodegenerative disease after Alzheimer's disease1. 
Currently Parkinson's sufferers are about 5 million and it 
is estimated that the number of people with Parkinson's 
disease will increase up to 10 million. Parkinson's 
disease is caused by dopaminergic nerve damage in the 
substantia nigra pars compacta (SNC) of the brain. This 
can lead to a significant decrease in dopamine 
production. This disease is usually suffered by the 
elderly but can also occur at a young age2. Dopamine is 
a neurotransmitter that plays an important role in 
regulating the motoric, cognitive, and mood systems3,4. 
Low levels of dopamine can cause the onset of several 
symptoms such as bradykinesia, tremors, slow 
movements, and rigidity5–7. 

One of the commonly used treatments for 
Parkinson's disease is therapy using a dopamine 
precursor, levodopa8. The use of dopamine directly to 
treat Parkinson's disease is not possible because 
dopamine does not have the ability to penetrate 
through the blood brain barrier9, while levodopa can 
penetrate through the blood brain barrier by LAT-1 

transporter10,11 and converted to dopamine by 
aromatic L-amino acid decarboxylase12. However, the 
oral use of levodopa has faced a number of limitations 
in its delivery system. Levodopa can be oxidized 
before it reaches the brain, hence its bioavailability in 
the body is low. 

Nanoencapsulation of levodopa can be carried out to 
overcome this limitation. Nanoencapsulation is a process 
in which drug compounds are coated by encapsulants to 
form particles on a size scale of 1 – 1000 nm. 
Nanoencapsulation can prevent the degradation of 
levodopa, enhance its stability, and improving the 
regulation of their release at physiologically active 
sites13,14. In the form of nanoparticles, starch has a good 
potential to be used as a drug vehicle due to its stability 
and it can protect the active compounds from 
degradation due to the influence of pH and enzymes. 
Nanostarch preparation can be done through several 
methods such as: (1) acid hydrolysis, (2) enzyme 
hydrolysis, (3) high-pressure homogenization, (4) 
ultrasonication, (5) extrusion, (6) nanoprecipitation, and 
(7) cross-emulsion (16). Nanostarch has been widely
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used to encapsulate various active compounds such as 
curcumin17–19, piperine20, and catechin21,22.  

In this study, nanoencapsulation of levodopa using 
nanostarch was carried out through the ultrasonication 
method by optimization of mass composition variations. 
Characterization of levodopa–starch nanocapsules was 
carried out using SEM, TEM, and FTIR. The efficiency 
of encapsulation and drug release profile was evaluated 
using UV-Vis spectrometry. This study is expected to 
provide information regarding the role of nanostarch 
as an encapsulant matrix, the optimum conditions  
of levodopa nanoencapsulation using starch, the 
characteristics of levodopa–starch nanocapsules, the 
encapsulation efficiency, and the release profile of 
levodopa–starch nanocapsules. 
 

Materials and Methods 
 

Levodopa, water, etanol 96%, soluble starch 
(Merk), demineralization water, sulfuric acid (H2SO4), 
and sodium hydroxide (NaOH). 
 

Synthesis of Nanostarch 
The synthesis of nanostarch was carried out by acid 

hydrolysis method adapted from Saeng-on and Aht-
Ong23. Briefly, 15g starch was dispersed in 100 mL 
H2SO4 3.16 M solution and stirred at 40°C for  
10 hours. NaOH 1 M solution was added to neutralize 
the suspension then centrifuged at 3500 rpm for  
30 minutes. The nanostarch suspension was washed with 
water and ethanol then re-centrifuged for 30 minutes. 
Dried nanostarch was obtained through oven drying at 
50°C. The nanostarch was stored at 4°C for further use. 
 

Nanoencapsulation of Levodopa 
Nanoencapsulation of levodopa using nanostarch was 

adapted from Sunarti et al.,24 using maltodextrin as a 
stabilizing agent. Briefly, the nanostarch was mixed with 
maltodextrin with composition variations of (1:3, 1:1, 
and 1:0.3), then dispersed in demineralized water and 
sonicated for 15 minutes. Levodopa solution was added 
to the mixture then sonicated for 10 minutes. The 
mixture was centrifuged at 3500 rpm for 30 minutes. 
The suspension was oven-dried at 50°C. Then, 
levodopa–starch nanocapsules were characterized using 
FTIR, SEM, and TEM. 
 

Characterization 
Characterization was carried out using several 

instruments such as the Fourier Transform Infra-Red 
(FTIR), Scanning Electron Microscope (SEM),  
and Transmission Electron Microscope (TEM). 

Characterization using FTIR was carried out to 
determine the functional groups of levodopa–starch 
nanocapsules and the interaction between levodopa and 
nanostarch. Characterization using SEM (Jeol JSM-
IT3300) was performed to determine the surface 
morphology of nanostarch and levodopa–starch 
nanocapsules. Characterization using TEM (HT7700) 
was performed to determine the shape and the size of the 
levodopa–starch nanocapsules.  
 
Encapsulation Efficiency  

The encapsulation efficiency of levodopa in 
nanostarch was evaluated using UV-Vis spectrometry. 
Levodopa concentrations before and after 
encapsulation were obtained through measurements at 
wavelengths of 280 nm25. Encapsulation Efficiency is 
calculated using the following equation19: 
 

Encapsulation Efficiency (%) = 100 % 
 

Co = Concentration levodopa before encapsulation 
Ct = Concentration levodopa after encapsulation 
 
Drug Release Profile 

Drug Release profile was evaluated by UV-Vis 
spectrometry adapted from Morales et al26. Levodopa–
starch nanocapsule (2 mg) was suspended to 3 ml of 
solution (pH 7.4 and pH 1.2) in a dialysis bag and 
dialyzed against 30 ml of pH solution at 37°C. To 
determine the diffused levodopa through a dialysis bag, 
then about 3.5 ml of the receiving solution is taken. 
Then, the levodopa in the receiving solution was 
measured using a UV spectrophotometer at 280 nm. 
 
Results and Discussion 
 
Synthesis and Characterization of Nanostarch 

Nanostarch was produced by acid hydrolysis using 
H2SO4 3.16 M at 35°C – 45°C for 10 hours. The 
hydrolysis of starch is initiated by the reaction of acid 
protons with oxygen from the starch glycosidic bond 
and followed by the cleavage of the glycosidic C-O 
bond27. The formation of nanostarch occurs when 
starch undergoes high temperature treatment during the 
gelatinization process and the presence of mechanical 
agitation which results in the destruction of covalent 
and hydrogen bonds in the helical structure of 
amylopectin, resulting in starch with a shorter chain 
length and having a smaller particle size24. 

The FTIR spectra in Fig. 1 shows the presence of 
O-H stretching of hydroxyl groups at 3416.05 cm−1 – 
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3394.83 cm−1, C-H stretching at 2929.97 cm−1 – 
2928.04 cm−1, C-C bending at 1651.12 cm−1 – 1647.26 
cm−1, C-H bending at 1458.23 cm−1 – 1452.45 cm−1, 
O-H bending at 1373.36 cm−1 – 1367.58 cm−1, and  
C-O-C stretching of glycosidic bonds at 1159.26 cm−1 
– 1157.33 cm−123. In addition, Fig. 1 shows that the 
FTIR spectrum of nanostarch is similar to starch. This 
suggests that the hydrolysis process doesn’t 
significantly change the chemical composition and 
doesn’t turn the starch polymer into its monomer or 
oligomer. 

The surface morphology, shape, and size of 
nanostarch were observed using SEM and TEM 
(Fig. 2). Based on the results of the SEM analysis 
(Fig. 2A), nanostarch shows the morphology of the 
non-spherical surface and based on TEM analysis 
(Fig. 3B), nanostarch is spherical in shape and has a 
size of 45.43 nm – 264.73 nm. 
 
Nanoencapsulation and Characterization of 
Levodopa–Starch Nanocapsules 

Nanoencapsulation of levodopa was carried out by 
mixing levodopa solution with nanostarch and 
maltodextrin. The mixture was further sonicated using 
the ultrasonicator UCD-250 with a power rate of 40% 

for 10 minutes. During the sonication, acoustic 
cavitation occurs which can lead to the degradation of 
the nanostarch polymer resulting in smaller particles. In 
addition, acoustic cavitation can also cause the 
formation of radical species that can trigger interactions 
between levodopa and nanostarch polymer28–30. The 
optimization of nanoencapsulation was carried out by 
varying the mass composition of the reagent. 
Optimization was carried out to determine the optimal 
conditions of the levodopa nanoencapsulation process 
using nanostarch that can produce the most levodopa–
starch nanocapsules. The results of the optimization of 
levodopa nanoencapsulations in Table 1 show that 
nanostarch, maltodextrin, and levodopa with a 
composition of 1: 3: 1 produce more levodopa–starch 
nanocapsules. 

FTIR analysis was performed to determine the 
functional groups contained in levodopa–starch 
nanocapsules and see the interaction between 
levodopa and nanostarch after the nanoencapsulation 
process was carried out. The results of the FTIR 
analysis are shown in Fig. 3. Based on the results of 
FTIR analysis, it can be seen that levodopa 
nanocapsules show  C = O stretching peak at a 1653 

 
 

Fig. 1 — FTIR spectra of starch and nanostarch 
 

 
Fig. 2 — SEM (A) and TEM (B) image of nanostarch 

 

 
 
Fig. 3 — FTIR spectra of nanostarch, levodopa, and levodopa 
nanocapsules 
 

Table 1 — Optimization of levodopa nanoencapsulation 

Nanostarch : maltodextrin : 
levodopa 

Levodopa–starch  
nanocapsules (g) 

1 : 3 : 0.2 0.0750 
1 : 3 : 0.25 0.0852 
1 : 3 : 0.33 0.0876 
1 : 3 : 0.5 0.0902 
1 : 3 : 1 0.0917 
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cm−1 and N-H bending at 1570 cm−1 which is a typical 
absorption peak of levodopa. This suggests that 
levodopa has been encapsulated in nanostarch. In 
addition, peak shift in FTIR spectra indicate an 
interaction between levodopa and nanostarch. The O-
H stretch was shifted from 3394 cm−1 to 3385 cm−1. 
Based on this analysis, it is suspected that there is an 
interaction between levodopa and nanostarch in the 
form of hydrogen bonds as shown in Fig. 4. 

The surface morphology, shape, and size of 
levodopa–starch nanocapsules were observed using 
SEM and TEM shown in Fig. 5. Based on the  
results of the SEM analysis (Fig. 6A), the surface 
morphology of the levodopa–starch nanocapsules is 
irregular spherical in shape. TEM analysis (Fig. 6B) 
showed that the levodopa–starch nanocapsules is 
spherical in shape with a particle size of 17.77 nm – 
49.43 nm. 
 
Encapsulation Efficiency 

Encapsulation efficiency was evaluated to determine 
how much levodopa was adsorbed in nanostarch. 

Encapsulation efficiency was determined using UV-Vis 
spectrometer at a 280 nm. The results of encapsulation 
efficiency of levodopa–starch nanocapsules are 
presented in Table 2. The highest encapsulation 
efficiency was obtained at composition of nanostarch, 
maltodextrin, and levodopa 1: 3: 1. Thus we can 
conclude that the efficiency of encapsulation depends on 
its composition. The more levodopa used, the more 
encapsulation efficiency it has. 
 
Drug Release Profile 

Drug release evaluation was carried out to see how 
much levodopa that are released into the target organ. 
In this study, the target organ that was intended was 
the brain. The test was carried out at two different 
media, (pH 1.2 and 7.4). The selection of this two pHs 
is because pH 1.2 is a simulation of the stomach 
condition. Due to the oral delivery of drugs, on its 
way to the target organ will go through the digestive 
organs such as the stomach. In such acidic conditions 
in the stomach, it is desirable that the release of 
medicinal compounds lasts a minimum. For pH 7.4 is 
a simulation of the brain condition. In this condition, a 
maximum release of medicinal compounds is 
expected. Fig. 6 shows the ability of drug release at 
pH 1.2 was 40.93% in 5 hours and at pH 7.4 of 
48.28% in 5 hours. This indicates levodopa in 
levodopa-starch nanocapsules is released more on 
brain condition simulation media as expected. 

 
 
Fig. 4 — Prediction of the interaction of nanostarch and levodopa 
 

 
Fig. 5 — SEM (A) and TEM (B) image of levodopa–starch
nanocapsules 
 

 
 

Fig. 6 — Drug release profile of levodopa–starch nanocapsules 
 

Table 2 — Encapsulation efficiency of levodopa–starch 
nanocapsules 

Nanostarch : maltodextrin : 
levodopa 

Encapsulation efficiency (%) 

1 : 3 : 0.33 36.31 
1 : 3 : 0.5 38.69 
1 : 3 : 1 46.11 
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Conclusions 
Based on this study, the optimum conditions for the 

levodopa nanoencapsulation in nanostarch were 
obtained at a mass ratio of 1: 3: 1. The results of FTIR 
characterization showed the presence of new  
peaks at wave numbers 1653 cm−1 for C=O stretch, 
and 1570 cm−1 for N-H bend indicating an interaction 
between levodopa and nanostarch. The results of 
SEM and TEM characterization show that levodopa–
starch nanocapsules have spherical shape with a size 
of 17.77-49.43 nm. The highest encapsulation 
efficiency level was obtained at 46.11% with drug 
release capability obtained by 40.93% for pH 1.2 
media and 48.28% for pH 7.4 media for 5 hours of 
released time. 
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