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초록: 셀락과 알지네이트 복합재를 장용 코팅제로 제조하여 효율적인 약물 방출 결과를 얻었다. 셀락 단독으로 사              

용하면 낮은 굽힘 강도와 쉽게 깨지는 필름이 형성되지만 알지네이트를 첨가하면 굽힘 강도와 친수성이 향상되는             

결과를 얻을 수 있다. 또한 산성 용액에 녹지 않으며 중성 pH에서 쉽게 용해되는 복합재를 얻을 수 있었다. 다양한                 

농도에서 약물 방출, 기계적 특성, 용해도 테스트를 통해 최적의 셀락과 알지네이트 농도를 얻을 수 있었다. 무게측               

정과 방출된 염료의 흡광도를 통해 다양한 pH에서 약물 방출 거동과 용해도를 테스트했으며, 복합재로부터 디설피             

람 방출 테스트에서 U-87MG 세포의 사멸이 관찰되었다. 본 연구에서 제조한 복합재는 수술 유착 방지 장벽, 조직               

공학적 피부 및 다양한 약물 방출 효과를 달성할 수 있는 다목적 코팅제로 적용할 수 있을 것이다.

Abstract: Shellac and alginate composites were prepared to enteric coating agent and obtained efficient drug release 

results. When shellac is used alone, low bending strength and an easily broken film are formed, but by adding alginate, 

the bending strength and hydrophilicity are improved. Also insoluble in acidic solution, and a composite that easily dis-

solves at a neutral pH can be obtained. The optimal shellac and alginate concentration was obtained through drug release, 

mechanical properties, and solubility tests under various concentrations. Drug release behavior and solubility were tested 

at various pH through absorbance of released dye and remaining weight, and the death of U-87MG cells was observed 

in a release test of disulfiram from composite. The composite prepared in this study will be able to be applied as a multi-

purpose coating agent that can achieve the effect of surgical anti-adhesion barrier, tissue engineered skin, and releasing 

various drugs.

Keywords: enteric coating, drug release, shellac, alginate, excipients.

Introduction

Enteric coating is a polymer film that controls the location of 

oral medication in the digestive system where it is absorbed. 

Therefore, enteric coating is a common applied procedure in 

the development of orally administered dosage forms. The 

word “enteric” indicates small intestine; therefore enteric coat-

ings prevent release of medication before it reaches the small 

intestine. For that reason, enteric coating is that it protects the 

drug from acidic pH and enzymatic degradation in the stomach 

while protecting it from the undesirable effects of some drugs.

The enteric coated polymers remain bound at low pH, and 

therefore remain insoluble. But as the pH increases in the small 

intestine, the acidic functional groups are capable of ionization, 

and the polymer swells or becomes soluble in the intestinal 

fluid.1-4

Various materials have been studied as Enteric coating mate-

rials.

Materials that are usually used in enteric coating include 

shellac, cellulose acetate phthalate (CAP), cellulose acetate butyr-

ate, lipids (mixture of myristic acid, hydrogenated castor oil, 

castor oil, cholesterol, and sodium taurocholate), hydroxy pro-
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pyl methyl cellulose succinate, and methacrylic acid co-poly-

mers (Eudragit).5,6

Among these, shellac is a natural, nontoxic, biocompatible, 

and biodegradable polymer that is generally recognized as a 

safe substance by the FDA. The polymer is a resinous exudates 

from the Laccifer lacca insect inhabiting tropical forests. Shel-

lac has been used for centuries in a variety of applications, 

including as a varnish, food glaze, and adhesive. Shellac is used 

extensively in the pharmaceutical industry as a coating mate-

rial for tablets and capsules. The coating protects the drug from 

environmental factors such as moisture, light, and air, which 

can degrade the drug’s potency. Also, due to its stability in acidity 

is mostly used as enteric coating.7,8

However, shellac has a comparatively high dissolution pH of 

about 7.3 which is somewhat unsuitable for the application in 

conventional enteric coated dosage forms. Because of this high 

dissolution pH the addition of excipients is necessary to achieve a 

faster drug release in the small intestine.9,10

The excipients can include glidants (flow aids), diluents, 

binders or granulating agents and lubricants to ensure efficient 

tableting; disintegrants to promote tablet break-up in the diges-

tive tract; sweeteners or flavours to enhance taste; and pigments 

to make the tablets visually attractive.11,12

As sodium alginate is extracted from the cell wall of brown 

seaweed it is a natural and plant based polymer. Moreover, 

sodium alginate is already established in the food industry as 

a thickener and coating agent. 

The viscosity of alginate solutions increase as pH decreases, 

and reach a maximum pH around 3–3.5, as carboxylate groups 

in the alginate backbone become protonated and form hydro-

gen bonds.

Therefore, alginate has carboxyl groups which are charged

at pH values higher than 3-4, making alginate soluble at neutral 

and alkaline conditions.13,14 Also, when both shellac and alginate 

are ionized, they are anionized, so it was expected that solubility 

and drug release effects would be increased by repulsive force.

In this study, to overcome the shortcomings of shellac, 

which exhibits drug release effects at a somewhat high pH, and 

to secure the physical stability of the film, a film-type enteric 

drug release matrix was prepared by using shellac as the main 

polymer and alginate as an excipient to increase drug release 

efficiency at neutrality, and We attempted to identify the drug 

release behavior and the response of brain tumor cells accord-

ingly by applying disulfiram, which is known to pass through 

blood-brain barrier (BBB).15,16

Thus, the objectives of this study were i) to design enhanced 

enteric coating by the shellac and alginate composites; ii) to 

evaluate the enteric soluble drug release behavior and stability; 

and iii) to evaluate the glioblastoma (U-87MG) cytotoxicity by 

disulfiram Released.

Experimental

Materials. In this study, shellac (ES Food Co, Gyeong-gi-     

do, Korea) was used as the base for the enteric coating resin. 

alginate (viscosity of 1% at 25 ℃ is 15-25 cps), zinc chloride,     

methanol, ammonium bicarbonate, the WST-8 assay kit, disul-

firam, dimethylsulfoxide (DMSO), and cell culture reagents were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). All the 

other chemicals used were of analytical grade. Ultrapure water 

was obtained from a Milli-Q water system and used to prepare 

the aqueous solutions.

Fabrication of Shellac/alginate Composites and Measurement     

of Mechanical Properties. To prepare shellac solution, the     

polymer was dissolved during 3 h in 1.5% wt ammonium bicar-

bonate solution at 30℃ to a final concentration of 10% wt.     

And alginate solution of 3% wt was prepared by dispersion of 

the polymer powder in distilled water under stirring until com-

plete dissolution. Each solution (shellac:alginate) was mixed at 

a volume ratio of 100:0, 80:20, 60:40, 50:50, and 30:70 at room 

temperature. 2000, 2480, 2780, 3080, and 3920 L to match 

the total amount of polymer to 0.2 g were taken, applied on a 

glass slide and overhead projector (OHP) film having 75×26 mm, 

and then naturally dried for 3 weeks. Then, the excess of ammo-

nium salt was then removed by heating the slides at 55℃ with     

0.5N sulfuric acid, washed with excess water, and dried.

The purpose of this study is not to develop tough and strong 

materials, but to develop materials that can be implemented in 

various forms. Therefore, bending strength is an important property 

to implement various forms such as spherical, ribbon, sheet, 

and thread. For the crack occurrence test at various bending angles, 

shellac/alginate composite films coated on the overhead projector

(OHP) films were prepared with composition shown in Table 1. A 

5 N load cell with a crosshead speed of 1 mm/min (bending angle 

=180°) was used for this purpose. While bending the film for each 

angle, the film was visually checked for cracks, and the bending

angle was measured when cracks occurred.

The surface hardness of the shellac/alginate composite films 

were determined by performing a hardness test using an Imoto 

IMC1552 pencil scratch hardness tester according to the JIS 

K5600-5-4 standard (equivalent to ISO/DIS 15184). In the pencil 

hardness test, pencils between 3B and 7B were used in con-
 Polym. Korea, Vol. 49, No. 4, 2025
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sideration of the drug release film and the film strength stability

in the digestive system.

The change in the water contact angle of the film surface 

according to the amount of alginate was measured. The contact 

angle was measured using a contact angle meter (Phoenix 150; 

Surface Electro Optics, Seoul, Korea).

A digital microscope (A-2111; DinoLite, Taiwan) was used 

to measure the changes in the surface morphology of the film 

before and after dissolution for 90 minutes at pH 7.

Determination of Solubility of Shellac/alginate Composites     

According to pH. Buffer solutions were used to prevent changes         

in the pH of the solution by eluted materials. 100 mL of pH 1, 

2, 3, 4, 5, 6, 7, 8, and 9 solutions were prepared. Solutions of 

each pH were prepared in the following composition. pH 1, 2 

(0.1 M, 0.01 M HCl), pH 3 (0.1 M sodium phosphate), pH 4, 

5 (0.1 M sodium acetate), pH 6 (0.1 M sodium citrate), pH 7 

(0.1 M sodium phosphate), pH 8, 9 (0.1 M Tris-HCl). The sol-

ubility of the 0.5 g of the pre-prepared dried shellac/alginate 

composite polymers (sample No. 4 in Table 1) in each pH under 

weak stress was studied by applying mechanical stress (10 rpm 

in solution; SH-802F incubator, Human Corp., Seoul, Korea) 

for 1, 2, 3, 4, 5, and 6 h at 37 ℃. Thereafter, the remaining weight               

of the dried films was measured using a precision electronic scale.

Dye Release Test From Shellac/alginate Composite     

Film. An important part of this test was the comparison of drug           

release ability in acid and neutral, such as pH 1, 2, and 7. Other 

data experimented with results at various pH, so the dye release 

experiment was conducted by choosing acid and neutral.

Drug release from the shellac/alginate composite film was 

simulated using the dye acid blue-25. In Table 1, acid blue-25 

(0.5 mg/mL) was mixed with the composition of Sample No. 

4 to prepare a film. The film was incubated and recovered at 

37 ℃ at 50 mL of pH 7.0 PBS, pH 1 0.1 M HCl, and pH 2                

0.01 M HCl solution for 1, 2, 3, 4, 5, and 6 h, concentrated, 

and put into a 96-well plate. The amount of the released dye 

was determined by measuring the absorbance at 600 nm using 

a microplate reader (Molecular Devices, Toronto, Canada). 

Disulfiram Release Test and Cytotoxicity. Drug release     

from the shellac/alginate composite was also simulated using 

disulfiram. In Table 1, disulfiram (1 mg/mL) dissolved in DMSO 

was mixed with a composition of Sample 4 to prepare a film. 

The human U-87GM cells (30014, Korean Cell Line Bank, 

Seoul, Korea) were added directly to each plate in 200 µL of 

media (Dulbecco’s modified Eagle’s medium with 2 mM l-gluta-

mine and 10% fetal bovine serum) suspension. The cell density 

was set at 2 × 104 cells per well. After 1 h, 1800 µL of the medium 

was added to each well and incubated at 37 ℃ and 5% CO2. Then,     

shellac/alginate/disulfiram composite film (20 × 20 mm) was 

incubated in the cell culture plate with U-87MG. The proliferation

was quantified after 4, 24, 48, 72, and 96 h using a WST-8 assay.

Immunocytochemistry. The U-87MG cells in chamber slides     

were fixed with 4% formalin and incubated with a blocking 

solution containing 1% bovine serum albumin in PBS. The 

antibodies used in this study were as follows: anti-rabbit CD133 

(Cat # PA5-38014, Thermo Fisher), Alexa 594 goat anti-mouse 

secondary antibody (Cat # A-11032, Invitrogen). The U-87MG 

cells were incubated with primary antibody for 2 h and sub-

sequently with secondary antibody for 1 h. Further, the cells were 

stained with 4,6-diamidino-2-phenylindole (DAPI)-containing 

agent (Vector, Burlingame, Calif., USA), and were examined 

using a fluorescence microscope (BX-53, Olympus, Japan).

Results and Discussion

Mechanical Properties According to the Composition     

of the Composite. As shown in Table 1, As the amount of     

alginate increased in the shellac/alginate composites, the surface 

hardness and contact angle showed a tendency to decrease and 

increase the crack angle. In the case of a film with only shellac, 

the surface hardness was high, but the hydrophobic tendency 

tended to be strong, also it was easily broken even at low strength. 

On the other hand, as the amount of alginate increased, the sur-

Table 1. Mechanical Properties According to Shellac/alginate Contents (n = 5)

No
Shellac/alginate
(alginate % wt)

Crack angle
Surface hardness

Contact angle
3B 4B 5B 6B 7B 8B

1 100:0 (0) 55° ± 4° ○ ○ × × × × 86° ± 2°

2 80:20 (7) 63° ± 3° ○ ○ × × × × 77° ± 1°

3 60:40 (16.7) 85° ± 4° ○ ○ ○ × × × 68° ± 2°

4 50:50 (23) 100° ± 2° ○ ○ ○ ○ × × 61° ± 3°

5 30:70 (41.2) 110° ± 3° ○ ○ ○ ○ ○ ○ 58° ± 3°

×: No scratch, ○: Scratch occurred.
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face hardness slightly decreased, while the angle at which crack 

occurred increased and the contact angle decreased by the ion-

ized functional groups of alginate was observed. It is judged 

that the film strength lowered by alginate and the crack angle 

increased are the result of interfering with characteristics of the 

alginate itself with low molecular weight and the crystallinity 

of shellac when mixed with shellac. The purpose of this exper-

iment is to study optimized drug release films rather than high 

physical strength. Therefore, as a potential optimum composition 

ratio, samples 3 and 4 were selected using the results of water 

contact angle and surface hardness.

Comparison of the Surface Condition Before and After       

Elution of Shellac/alginate Film in Neutral Solution. After       

immersing the films prepared by the composition of Table 1 in 

a neutral solution for 90 min, the elution state of the polymer 

was compared using a digital microscope. As shown in Figure 

1, the film made only of 100% shellac did not observe any dif-

ference in the photos before and after elution, and when algi-

nate was contained in 7% and 16.7% (Figures 1(b), (c)), it was 

observed that the surface was relatively unsmooth in the pho-

tos after elution. It is predicted that a small amount of alginate 

component is not well mixed with shellac at a neutral pH and 

the partially agglomerated part is eluted first. In addition, when 

23% and 41.2% of alginate were contained (Figure 1(d), (e)), 

it was observed that the surface state was very evenly before and 

after elution. It is believed that when a certain amount of algi-

nate or more was present, it was evenly mixed with the shellac 

and released with the shellac to the neutral solution. By com-

bining this experiment and the physical characteristic test, it 

was determined that Sample 4 was the optimal composition, 

and an experiment was conducted on whether it led to actual 

weight reduction.

Solubility of Shellac/alginate Composite Film with Varying      

pH Solutions. The solubility and swelling properties of the        

shellac/alginate composite film are important physical properties 

in releasing drugs. Figure 2 shows the solubility of the shellac/

alginate composite film in various pH solutions. No visible 

dissolution phenomenon was observed up to pH 3, whereas 

when the pH of the solution was higher than or equal to 4, it 

was observed that the solubility rapidly increased. Therefore, 

in this experiment, it was confirmed that the dissolution of the 

composition does not occur at pH 1 and pH 2, which are the 

same conditions as the acid in the stomach, but the dissolution 

phenomenon occurs visually at pH 4 or higher, and it can be 

used as a Enteric coating polymer film. According to previous 

research,14,17,18 the pKa of the shellac is about 6, and the pka of 

the alginate is about 3.7. Therefore, it is judged that the increase 

in the solubility of the composition was greatly influenced by 

the increase of the ionized alginate at pH 4 or higher, and it is 

judged that the alginate played a role in improving the solubility 

as an excipient even at a pH lower than the pka of the shellac.

Dye Release Behavior from Shellac Composite. The     

emission behavior of the dye was investigated under pH 1, 2, 

and 7. At pH 1 and 2, significant dye release from composite film 

was not observed, whereas drug release began to increase 

gradually by increased pH of the solution (pH 7) (Figure 3). 

According to a previous study,18 the pKa of shellac is approx-

imately 6, and the pKa of the alginate is around 3.7. We hypothe-

sized that dye release from shellac/alginate was due to ionized 

shellac and alginate at pH values greater than 7. In addition, even 

at pH 1 and 2, it was found that the drug was released some-

what over time, but this is judged to be the result of the swell-

ing reaction due to the characteristics of the hydrogel. Therefore, 

it was confirmed that the drug release behavior can be con-

Figure 1. Comparison of the surface condition before and after elu-
tion of shellac/alginate film in neutral solution using a digital micro-
scope (×250, scale bar: 400 µm).
 Polym. Korea, Vol. 49, No. 4, 2025
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trolled according to the pH, and a detailed cell investigation 

was conducted to confirm the effectiveness of the drug.

Cytotoxicity by Emission of Disulfiram from Shellac/      

alginate Composite Film. Cancer stem cells, the main cause        

of resistance and recurrence of cancer cells, express a lot of 

aldehyde dehydrogenase, and disulfiram is known to exert antican-

cer activity by activating the apoptosis mechanism by inhibiting

aldehyde dehydrogenase. In addition, disulfiram has already 

been used as an alcohol poisoning treatment for decades, its sta-

bility has been proven, and it is known to pass through the blood 

brain barrier (BBB), recently, so research on its application as 

a treatment for brain tumors is also actively underway.19 While 

culturing U-87MG cells using a human glioblastoma cells (GBM), 

experiments were conducted on the release of drugs and cyto-

toxicity of the shellac/alginate composite film containing disul-

firam. In addition, there is a result that disulfiram is activated 

in the presence of Zn2+ ions. However, in this study, we did not 

add it to prevent interaction with alginate. As shown in Figure 4,

unlike the case where there is no drug, the overall cytotoxic effect 

was confirmed over time for the drug released in the neutral 

pH environment, after 96 h, the difference in cell viability was 

most clearly observed. Therefore, a more detailed study was 

conducted to see if it was the effect of the released drug.

Analysis of CD133 Positive Cells. Previous studies have     

reported that the proliferation of GBM cells was inhibited when 

aldehyde dehydrogenase was suppressed, and as cancer stem 

cells, there have been reports of reduced drug resistance by the 

suppression of CD133 positive cells.20,21 Therefore, immunochem-

ical staining was performed to confirm the hypothesis of reduc-

tion of cell proliferation and cancer stem cells by synthesizing 

the previous results in this study. In Figure 5, immunochemical 

staining of CD133 of cells cultured in a drug-releasing state for 

3 days was attempted. CD133 is the result of red fluorescent 

staining, and DAPI is the marker of blue staining of the nucleus 

of a typical cell. The degree of blue staining and red staining are 

reduced in the sample to which the drug is applied. Therefore, 

it was confirmed that the number of CD133 positive cells and 

surviving cells decreased. Through this experiment, it was con-

firmed that it was a result of the action of the released disulfiram.

Conclusion

Enteric coating agent was prepared by a simple method using 

a shellac, alginate in aqueous solution. The bending strength, 

Figure 2. Solubility of shellac/alginate composite film with varying pH 
(n = 5).

Figure 3. Differences in the behavior of Acid blue-25 release from 
shellac/alginate composite film at 37 ℃ (n = 5).

Figure 4. Differences in the cytotoxicity by disulfiram release from 
shellac/alginate composite film (n = 5).

Figure 5. Results of immunostaining on CD133 positive cells.
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surface hardness, contact angle, drug release, and cytotoxicity 

of the composites were studied to determine the optimal com-

position for enteric coating agent applications. We found via 

mechanical property tests that 77% shellac, and 23% alginate 

was the most effective composition to increase the enhanced 

strength and drug release effect. In future research, it is required 

that more sophisticated drug release tests and mechanical tests, 

application of biological evaluation. Through this study, the 

shellac/alginate composite shows promise for use in enteric 

coating, and as membrane former in the medical field.
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