


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/348351669

Nanoencapsulation of Syzygium polycephalum Extract Using Folate Modified

κ-Carrageenan as Vehicles for Pronounced Anticancer Activity

Article · November 2020

DOI: 10.26538/tjnpr/v4i11.17

CITATIONS

0
READS

49

7 authors, including:

Some of the authors of this publication are also working on these related projects:

Two furanocoumarin from Myanmar edible fruit tree (Casimiroa edulid) View project

Hemodyalysis View project

Andika Pramudya Wardana

Airlangga University

17 PUBLICATIONS   20 CITATIONS   

SEE PROFILE

Nanik S Aminah

Airlangga University

56 PUBLICATIONS   136 CITATIONS   

SEE PROFILE

Zakki Fahmi

Airlangga University

61 PUBLICATIONS   301 CITATIONS   

SEE PROFILE

A.N. Kristanti

Airlangga University

30 PUBLICATIONS   127 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Andika Pramudya Wardana on 16 January 2021.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/348351669_Nanoencapsulation_of_Syzygium_polycephalum_Extract_Using_Folate_Modified_k-Carrageenan_as_Vehicles_for_Pronounced_Anticancer_Activity?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/348351669_Nanoencapsulation_of_Syzygium_polycephalum_Extract_Using_Folate_Modified_k-Carrageenan_as_Vehicles_for_Pronounced_Anticancer_Activity?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Two-furanocoumarin-from-Myanmar-edible-fruit-tree-Casimiroa-edulid?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Hemodyalysis?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andika-Wardana?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andika-Wardana?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Airlangga-University?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andika-Wardana?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nanik-Aminah?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nanik-Aminah?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Airlangga-University?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nanik-Aminah?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zakki-Fahmi?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zakki-Fahmi?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Airlangga-University?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zakki-Fahmi?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/An-Kristanti?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/An-Kristanti?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Airlangga-University?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/An-Kristanti?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andika-Wardana?enrichId=rgreq-90d0af67577d02101c16e508bc79279c-XXX&enrichSource=Y292ZXJQYWdlOzM0ODM1MTY2OTtBUzo5ODA1NjU5MDE3Mjk3OTNAMTYxMDc5NjUzNzY2Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


                                              Trop J Nat Prod Res, November 2020; 4(11):945-952                  ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

945 
© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Tropical Journal of Natural Product Research 
 

Available online at https://www.tjnpr.org 

Original Research Article 
 

Nanoencapsulation of Syzygium polycephalum Extract Using Folate Modified              

κ-Carrageenan as Vehicles for Pronounced Anticancer Activity 
  

Andika P. Wardana
1
, Nanik S. Aminah

1,2
*, Mochamad Z. Fahmi

1
, Alfinda N. Kristanti

1,2
, Haninda I. Zahrah

3
, Yoshiaki Takaya

4
, 

M. Iqbal Choudhary
5 

 
1Department of Chemistry, Faculty of Science and Technology, Universitas Airlangga, Kampus C-UNAIR, Jl. Mulyorejo, Surabaya 60115, Surabaya, Indonesia 
2Biotechnology of Tropical Medicinal Plants Research Group, Universitas Airlangga, Surabaya 60115, Surabaya, Indonesia 
3Faculty of Dental Medicine, Universitas Airlangga, Kampus A-UNAIR, Jl. Mayjen Prof. Dr. Moestopo 47, Surabaya 60131, Surabaya, Indonesia 
4Department of Pharmacy, Meijo University, Nagoya, Japan 
5H. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi-75270, Pakistan 

Introduction 

    Cancer is among the leading causes of death worldwide. The 

prevalence of cancer is expected to increase rapidly with population 

growth, ageing, and changing lifestyles.
1
 Based on 2018 GLOBOCAN 

data, there are around 18.1 million new cancer cases and 9.6 million 

deaths due to cancers. In the same year, breast cancer was ranked as 

the second deadliest disease after lung cancer, with 2.088.849 new 

cases and 626.679 deaths. Cervical cancer is also one of the leading 

causes of cancer-related deaths after breast cancer. There were 

569.847 new cases and 311.365 deaths from cervical cancer.
2
 So far, 

Cancer treatment mainly involves chemotherapy, radiotherapy, and 

surgery. Some of the most commonly used chemotherapy drugs are 

anti-proliferative compounds, DNA intercalating agents, anti-tubulins, 

hormones, and targeted molecular therapy.
3
 The use of chemotherapy 

drugs can cause adverse effects, such as hair loss, bone marrow 

suppression, drug resistance, gastrointestinal lesions, neurological 

dysfunction, and cardiac toxicity.
4
 This has led to a renewed interest in 

developing safe and effective natural ingredient-based anti-cancer 

medicines.
5
 

Folate receptors (FR) are attractive cancer targets because of 

overexpression in various types of cancer.
6
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This expression can be useful in targeting therapeutic compounds 

directly on cancer cells using many avenues
7
 Targeting cancer drugs 

through conjugation of specific ligands with the number of nanodrugs 

encapsulated is very promising in the drug delivery system.
8
 Folic acid 

is a ligand that provides diagnostic and therapeutic content in cancer 

imaging and therapy that express FR.
9
 The advantages of folic acid are 

small molecular size (441 Da), stable at wide temperature and pH 

changes, inexpensive, non-immunogenic. They can  maintain the  

binding of FR after conjugation with drugs or diagnostic markers.
10

 

Previous studies have revealed that several species of the genus 

Syzygium have the anticancer potential. These include S. cumini,
11

 S. 

aromatic,
12

 S. campanulatum,
13

 S. samarangense,
14

 S. 

caryophyllatum,
15

 S. benthamianum,
16

 S. fruticosum,
17

 and S. 

alternifolium.
18

 S. polycephalum contains ellagic acid derivatives, such 

as 3,4,3'-tri-O-methyl ellagic acid.
19

 Ellagic acid and its derivatives 

have been reported for their anticancer activity. Ellagic acid 

derivatives are reported to inhibit breast cancer cells,
20

 osteogenic 

sarcoma,
21

 pancreatic cancer,
22

 ovarian cancer,
23

 nasopharyngeal 

carcinoma,
24

 lymphoma,
25

 prostate cancer, 
26

 colorectal cancer,
27

 and 

oral cancers.
28

 Ellagic acid derivatives, such as 3,3'-di-O-methyl 

ellagic acid-4'-O-β-d-xylopyranoside from Euphorbia hylonoma can 

inhibit the growth of HepG2 cancer cells.
29

 4,4'-Di-O-methyl ellagic 

acid derivatives can inhibit the development of colon cancer cells. 
30

 

Ellagic acid nanoencapsulation can increase the solubility and 

antioxidant activity.
31

 Besides, nano ellagic acid can reduce the 

nephrotoxicity and hepatotoxic effects of cisplatin.
32,33

 

Nanoencapsulation pomegranate can improve the chemoprevention of 

breast cancer cells (MCF-7).
34

 

Natural products often exhibit good activity in vitro, but may not show 

satisfactory results in vivo due to non-specificity, and poor solubility.
35

 

One approach to overcome these weaknesses is to use novel drug 

delivery systems (NDDS), increasing the therapeutic effect, and 

reducing toxicity. The nanotechnology approach has been applied to 

cancer chemotherapy to reduce toxicity and increase stability, 
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1751, 1728 (C = O stretch), 1608, 1577, 1492 (C-C benzene ring 

system), 1363 (CH3 group), 1244, 1118, and 1091 cm
-1

 (-O-aryl, and -

OCH3) (Supplementary Fig S2). The molecular formula C17H12O8 was 

deduced from the DART-MS (m/z 345.0609 [M + H
+
]) 

(Supplementary Fig S3). Based on the 
1
H-NMR spectrum (Table 1), 2 

aromatic ring resonances were found in the ellagic acid skeleton at δH 

7.63 (1H, s, H-5), and 7.52 (1H, s, H-5'). The signal at three methoxy 

groups showed three proton singlets at δH 4.04, 4.03, and 3.99 (3H, s, -

OCH3). The signal at δH 10.84 (1H, br) indicated a hydroxy group on 

the aromatic ring (Supplementary Fig S4). There were 17 carbon 

signals in the
13

C-NMR spectrum. Signals at δC 141.5 (C, C-2), and 

140.9 (C, C-2’) were due to the benzene carbons bonded to a lactone 

group. The signals at δC 107.5 (C, C-5), and 111.7 (C, C-5’) were for 

the aromatic CH, whereas signals at δC 112.0 (C, C-1), and 111.1 (C, 

C-1’) were assigned to aromatic carbons. The other two signals at δC 

140.9 (C, C-3), and 140.3 (C, C-3’) was for the benzene carbons with 

the methoxy group. The signals at δC 152.8 (C, C-4), and 153.8 (C, C-

4’) were due to aromatic carbons, substituted with methoxy, and 

hydroxy groups, respectively. The three signals at δC 61.3 (-OCH3, C-

3), 61.0 (-OCH3, C-3'), and 56.7 (-OCH3, C-4) were due to the OCH3 

methoxy group (Supplementary Fig S5). The 
1
H and 

13
C-NMR 

chemical shift values of the isolates and reference
39

 are shown in 

Table 1. Based on the interpretation of UV-Vis, FTIR, FTMS DART-

MS, 
1
H-NMR, 

13
C-NMR, HSQC, and HMBC data, the structure of the 

compounds isolated from S. polycephalum was deduced as 3,4,3'-tri-

O-methyl ellagic acid (Figure 1). 

 

Cf Characterization 

Esterification of κ-carrageenan with folic acid in carrageenan folate 

catalyzed was resulted by EDCl and DMAP. Folic acid will react with 

EDCl that activate the carboxyl group in folic acid and release the 

proton release, form folic anion and protonated EDCl. Folic anion will 

attack the carbodiimide EDCl to form O-acylisourea compound which 

will react with DMAP as a nucleophile. It is stronger than the alcohol 

group to produce ester intermediates that are very reactive to the -OH 

group of κ-carrageenan to produce an ester, namely carrageenan 

folate.
40

 (Supplementary Figure S6) 

The characterization of κ-carrageenan, and carrageenan folate using a 

UV-Vis spectrometer is presented in Figure 2. κ-Carrageenan is a 

straight-chain polysaccharide with a disaccharide repeat unit 

consisting of (1,3)-β-galactose-4-sulfate and (1,4)-α-3,6-anhydro-

galactose residues (Figure 3).
41

 

κ-Carrageenan is formed from its precursor µ-carrageenan. µ-

Carrageenan is composed of D-galactose-4-sulfate, and D-galactose-6-

sulfate monomers. κ-Carrageenan shows terminal absorption at λmax ≤ 

200 nm in the UV spectrum, as it does not have a chromophore or an 

auxochrome group. Folic acid uptake by UV-Vis spectrometer showed 

two absorption bands at 280.5, and 353 nm. The transition of n → π* 

occurred at 280 nm, while π → π* transition occurred at 353 nm. 

Compounds resulting from the synthesis of κ-carrageenan 

esterification with folic acid showed an absorption band at 280 nm due 

to n → π* transition in folic acid. This indicated the formation of 

carrageenan folate. κ-Carrageenan was analyzed from the FTIR 

spectrum. Several functional groups in the structure showed 

absorptions. It has been explained previously that κ-carrageenan is 

composed of D-galactose-4-sulfate with α bonds at positions 1 and 3, 

and 3,6-anhydro-D-galactose with β bonds at positions 1 and 4. The 

typical wave number of D-galactose-4-sulfate was is in the region of 

840 - 850 cm
-1

, while the absorption of 3,6-anhydro-D-galactose 

between 925 - 935 cm
-1 

(Figure 4).
42

 However, κ-Carrageenan, Cf, and 

folic acid cannot be distinguished from the FTIR spectrum because all 

three compounds have functional groups that appear at the same 

wavenumbers. 

The thermogravimetric technique was then used to determine the mass 

of a component as a function of temperature. This was used to 

determine the composition and interaction in a component. TGA 

results are shown in Figure 5A, while the first derivative function is 

shown in Figure 5B. κ-Carrageenan has 3 times of decomposition, Cf 

has 4 times of decay, and folic acid has two decomposition times. Cf 

shows an additional peak at 127 
o
C, which indicates the bending 

between κ-carrageenan and folic acid. Besides this, Cf's peak intensity 

at 202 
o
C and 298 

o
C was characteristic of the κ-carrageenan. Based 

on this data, Cf seems to have been successfully synthesized from κ-

carrageenan, and folic acid. 

 

Sp-CNPs and Sp-CfNPs Characterization 

The physicochemical properties of Sp-CNPs and Sp-CfNPs were 

compared to κ-carrageenan, Cf, and Sp extract. The aim is to see the 

difference in physicochemical properties before and after the 

material’s nanoencapsulation process, as shown in Table 2. PDI and 

particle sizes are the main physicochemical properties that affect the 

endocytosis-dependent cellular uptake.
43

 PDI describes the uniformity 

of particle size distribution, which is calculated from two parameters, 

according to the correlation data (cumulance analysis). The PDI of κ-

carrageenan, and Cf is 0.82 ± 0.02, and 1.00 ± 0.00, respectively. The 

numbers indicate that both polymers have a very broad particle size 

distribution with PDI > 0.7. 
44

 Sp-CNPs, and Sp-CfNPs had 0.65 ± 

0.03, and 0.57 ± 0.02 PDI, respectively, which shows that the two 

nanocapsules have a fairly uniform particle size. This was inferred 

from the PDI value of <0.7, and shows that the distribution of the 

algorithm operates well. 

There are many variations in the size of nanoparticles, but most have 

sizes between 100-500 nm.
45

 The smaller the size of the nanoparticles, 

this causes the greater ratio of surface area to volume. This will cause 

more drugs to be closer to the surface of smaller particles compared to 

larger molecules. Drug release will be faster when it is near or 

attached to the surface.
46

 Sp-CNPs and Sp-CfNPs showed a 

satisfactory particle size, 93.15 ± 3.58, and 79.59 ± 10.31 nm, 

respectively. This shows that the nanoencapsulation of Sp extract with 

κ-carrageenan, and Cf can yield good results with a particle size <100 

nm. 

Zeta potential (ζ) data (Table 2) successfully validated the capsulation 

extract of ĸ-carrageenan and folate carrageenan. The data showed ĸ-

carrageenan has a low ζ value (about -14.10 mV) due to massive 

hydroxyl groups (-OH) expressing the polymer. The existence of 

chemical modification by folic acid on ĸ-carrageenan increased the 

zeta value up -5.29 ± 0.66 mV. This condition was mostly caused by 

an amine group (-NH2) from folic acid that actively involved 

increasing the value of ζ of Cf. The encapsulation process of Sp 

extract with ĸ-carrageenan (Sp-CNPs) decreased the value of ζ to -

8.34 ± 0.34 mV due to the strong -OH side. The interesting 

phenomenon happened to Sp-CfNPs. Supposedly, the presence of the -

NH2 group on Cf as a matrix on Sp-CfNPs increases the value of ξ, but 

this does not happen. This is possible because the electropositive side 

of Cf is blocked by the massive electronegative side of Sp extract and 

Cf itself.  This statement is supported by the smaller particle size of 

Sp-CfNPs compared to the particle size of ĸ-carrageenan, Cf, Sp 

extract, and Sp-CNPs. Increasing the particle’s size opens up more 

significant opportunities for obstruction of the electropositive side by 

the electronegative side of ĸ-carragenan, Sp extract, and folic acid in 

Cf. Relying on the surface charge of the Sp-CfNPs returned by the 

electronegative side, so the value rises (-12.07 ± 0.29 mV). 

The characteristic FTIR absorptions of Sp-CNPs showed the 

combination of the peak of κ-carrageenan and Sp extract. This can be 

seen as absorption at 1742 cm
-1

, a characteristic of carbonyl groups 

from Sp metabolite, whereas absorption at 1597 and 1402 cm
-1 

are 

polymer bound water and sulfate stretching of κ-carrageenan, 

respectively (Figure 6A). According to Fig. 6B, Sp-CfNPs shows a 

peak at wave number 1729 (C = O), and 1640 (C-C in ring) cm
-1

, 

which is part of the Sp extract. The peak at 1586 cm
-1

, which coincides 

with the C-C peak ring in the Sp extract, is the polymer bound water 

from κ-carrageenan, while the peak at 1408 cm
-1

 is the sulfate 

stretching. 

The characterization of nanocapsules with TGA shows that 

decomposition of Sp-CNPs at 202
o
C and 298

o
C were characteristic of 

the ĸ-carrageenan matrix decomposition (Figure 7A). At Sp-CfNPs 

decomposition at 198 
o
C and 300 

o
C, it indicates the decomposition of 

the Cf matrix (Figure 7B) (Supplementary Fig S7). The absence of 

decomposition of the two nanocapsules at a temperature of 400 – 600 
o
C which is a characteristic of the of the Sp extract decomposition, is 

caused by the amount of ĸ-carrageenan and Cf degradation. While the 
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Sp extract concentration is very low, this is supported by a small 

loading amount of data. 

The morphology of Sp-CNPs and Sp-CfNPs was found to be spherical. 

Some particles have sizes above 100 nm, but most Sp-CNPs and Sp-

CfNPs particles were less than 100 nm (Figure 8). 

 

Sp-CNPs and Sp-CfNPs Stability 

The stability of both nanocapsules was influenced by the nature of the 

matrix used, κ-carrageenan and carrageenan folate. Sp-CNPs turbidity 

decreased at 30 
o
C – 80 

o
C and has an increase in turbidity at 90 

o
C – 

100 
o
C. It was suspected that the κ-carrageenan matrix formed a gel 

caused by depolymerization. Both nanocapsules (Sp-CNPs and Sp-

CfNPs) tend to be stable at basic pH. This can be seen from the low 

turbidity level. While the pH of turbidity increases. κ-carrageenan is 

susceptible to depolymerization through acid-catalyzed hydrolysis. 
47

 

κ-carrageenan is not hydrolyzed at pH 8 and the molecular mass is 

relatively fixed at > 200 kDa, with no more than 20% has a molecular 

mass of < 100 kDa.
48

 Increasing of NaCl concentrations cause 

increased turbidity in both nanocapsules. The increasing turbidity of 

the two nanocapsules is presumably because the matrix of the 

nanocapsules is gelated with Na
+
 ions, which results in aggregation of 

particles from the two nanocapsules. The second bioactive component 

of nanocapsules is relatively stable at changes in temperature and salt 

addition, but is not stable at in pH changes. (Supplementary Fig S8 – 

S11). 

 

Loading and release 

The loading efficiency is expressed as the percentage of Sp that was 

successfully trapped in micelles or encapsulated. The percentage value 

of LE Sp-CNPs and Sp-CfNPs 73.32% (9,165 mg) and 81.82% 

(10.227 mg). Whereas, the amount of loading can be calculated by the 

number of trapped Sp divided by the total of NPs. The percentage 

value of LA Sp-CNPs and Sp-CfNPs is 14.66% (1.833 mg) and 

16.36% (2.045 mg). 

Particle size and particle size distribution have important roles in 

nanoparticulate systems such as drug loading capacity, drug release 

and nanoparticle system stability. Smaller particles have a wider area, 

this causes faster drug release, while larger particles have a large core 

surface, the spread occurs gradually.
49

 The percentage release of 

bioactive compound (3,4,3'-tri-O-methyl ellagic acid) from Sp-CNPs, 

and Sp-CfNPs is shown in Figure 9. The release of active components 

from Sp-CNPs and Sp-CfNPs was detected using a UV-Vis 

spectrometer. Absorbance measurements were carried out at a 

wavelength of 372 nm, which is the maximum wavelength of 3,4,3'-

tri-O-methyl ellagic acid. The release test was carried out for 24 h. 

The best release for both Sp-CNPs, and Sp-CfNPs after 24 h was at pH 

9, whereas the percentage of release was 45.13% and 60.41%, 

respectively.  

Meanwhile, the release at pH 4 for both was the lowest, i.e., 37.41% 

and 51.04%, respectively. In general, Sp-CfNPs showed better releases 

than Sp-CNPs at all pH values. Poor release of acidic pH was possibly 

due to the aggregation caused by a decrease in the particle’s 

electrostatic repulsion. The ĸ-carrageenan and carrageenan folate sites 

in Sp-CNPs and Sp-CfNPs are electronegative. In alkaline conditions, 

both of nanocapsules repulsion occurs between particles, causing 

enlargement of nanocapsule particle’s pores, facilitating of bioactive 

components release. Conversely, in acidic conditions, there is a pull 

between particles caused by hydrogen bonds formed, so that the pores 

of the particles are small and release slightly (Figure 9). 

 

Anticancer Activity Evaluation 

The difference between Sp-CNPs and Sp-CfNPs is the presence or 

absence of folic acid as a selective target of folate receptors on cancer 

cells. Cancer cells have an expression of folate receptors. Alpha 

receptor folate (FRα) can be found in cervical and breast cancer 

cells.
50 

Targeting folate-based receptor drugs is based on the 

attachment of folate-drug conjugate ligands into the cytosol of cells 

with endocytosis.
51 

 

The results on both cancer cells (HeLa and T47D) showed that the 

nanoencapsulation process of Sp with the main component 3,4,3'- tri-

O-methyl ellagic acid has been able to increase the anticancer activity 

that can be observed from the cell viability of both cancer cells (Figure 

10). 

 

Table 1: Correlation of 
1
H and 

13
C- NMR chemical shift 

values 
 

Position 
Isolate Compound Reference

39
 

δC δH δC δH 

1 112.0 (C)  111.6 (C)  

2 141.5 (C)  141.2 (C)  

3 140.9 (C)  140.3 (C)  

4 152.8 (C)  152.2 (C)  

5 107.5 (CH) 7.63 (s) 111.4 (CH) 7.73 (s) 

6 112.6 (C)  112.1 (C)  

7 158.6 (C=O)  158.5 (C=O)  

1’ 111.1 (C)  111.7 (C)  

2’ 141.0 (C)  141.3 (C)  

3’ 140.3 (C)  140.2 (C)  

4’ 153.8 (C)  152.2 (C)  

5’ 1117 (CH) 7.52 (s) 111.5 (CH) 7.61 (s) 

6’ 112.0 (C)  112.1 (C)  

7’ 158.4 (C=O)  158.6 (C=O)  

3-OCH3 61.3 (CH3) 4.03 (s) 61.5 (CH3) 4.19 (s) 

4-OCH3 56.7 (CH3) 3.99 (s) 56.5 (CH3) 4.04 (s) 

3’-OCH3 61.0 (CH3) 4.04 (s) 61.3 (CH3) 4.14 (s) 

 

 

Figure 1: Structure of 3,4,3’-tri-O-methyl ellagic acid 

 

Table 2: Physicochemical properties of Sp-CNPs and Sp-

CfNPs 
 

Type PDI ± SD Size ± SD (nm) ζ ± SD (mV) 

κ-Carrageenan 0.82 ± 0.02 870.48 ± 26.94 -14.10 ±0.00 

Cf 1.00 ± 0.00 926.50 ± 5.52 -5.29 ± 0.66 

Sp Extract 0.59 ± 0.03 226.35 ± 5.58 -3.30 ± 0.58 

Sp-CNPs 0.65 ± 0.03 93.15 ± 3.58 -8.34 ± 0.34 

Sp-CfNPs 0.57 ± 0.02 79.59 ± 10.31 -12.07 ±0.29 

Each data presented as mean ± SD (n=3) 
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Figure 2: UV-Vis spectrum of κ-carrageenan Cf and folic acid 

 

 

Figure 3: Structure of κ- carrageenan 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: FTIR spectrum of κ-carrageenan, Cf, and folic acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Free Sp is able to inhibit the growth of HeLa cancer cells with EC50 ± 

SE 114.19 ± 10.31 µg / mL. After encapsulation using κ-carrageenan 

(Sp-CNPs), the inhibitory activity of HeLa cancer cell growth 

increased to EC50 ± SE 79.19 ± 13.96 µg / mL. Similarly, when Sp 

extract was encapsulated with carrageenan folate (Sp-CfNPs) the 

inhibitory activity of HeLa cells became EC50 ± SE 48.77 ± 15.91 µg / 

mL. As for the single acid compound 3,4,3 '-tri-O-methyl ellagic acid 

has an EC50 ± SE value of 12.58 ± 2.23 µg / mL. 

Anticancer activity of free Sp in T47D cells showed EC50 ± SE values 

498.33 ± 110.72 µg / mL. Sp-CNPs nanocapsules have increased the 

anticancer activity of Sp extract with EC50 ± SE 80.62 ± 12.59 µg / 

mL. Whereas Sp-CfNPs have anticancer activity against T47D cells 

with EC50 ± SE 48.52 ± 2.76 µg / mL. The single acid compound 

3,4,3'-tri-O-methyl ellagic acid in T47D cells showed an EC50 ± SE 

value of 55.64 ± 6.29 μg / mL. FR in ovarian / cervical cancer is 90% 

while in breast cell is 48%.
52

 Free Sp on the HeLa cell line had better 

inhibitory activity than on the T47D cell line. Based on the ANOVA 

analysis, it was found that the nanoencapsulation process of Sp extract 

with ĸ-carrageenan and carrageenan folate on the HeLa cell line did 

not have a significant effect on the cell inhibitory activity, with a value 

of p = 0.289 for Sp-CNPs and p = 0.802 for Sp-CfNPs. Whereas the 

T47D cell line shows the inhibitory activity of these cells had 

significantly by both nanocapsules. Sp-CfNPs on T47D cell lines have 

a value of p = 0.008, while Sp-CNPs have a value of p = 0.042. This 

shows that the folate group’s T47D cells in nanocapsules show better 

activity than ĸ-carrageenan use.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5: Thermogram data of κ-carrageenan, Cf, and folic 

acid. A) Beginning, and B) Derived functions 

 

 

 
 

Figure 6: Spectrum of FTIR A) Sp-CNPs dan B) Sp-

CfNPs 
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Figure 7: Thermograms A) Derivative Sp-CNPs, and B) 

Derivative Sp-CfNPs 

 

 

 

 

 

 

 

 

 

Figure 8: TEM Images of A) Sp-CNPs dan B) Sp-CfNPs scale 

bar refer to 100 nm 

 

 

Figure 9: The release of the Sp extract bioactive components 

from Sp-CNPs and Sp-CfNPs 

 

 

 
 

 

Figure 10: Cell viability with MTT assay A) HeLa cells, and 

B) T47D cells 

 

 

Conclusion 

3,4,3'-Tri-O-methyl ellagic acid in the S. polycephalum extract, 

derivative of ellagic acid, showed a good in-vitro anticancer activity 

against HeLa cell line and T47D cell line. Development of κ-

carrageenan, and carrageenan folate as a drug delivery system to 

increase the bioactivity of the Sp extract. Sp-CfNPs increase the 

inhibitory activity of HeLa cell lines and T47D cell lines than Sp-

CNPs. However, only the T47D cell line showed a significant increase 

in the Sp extract activity, while it did not work/come in the HeLa cell 

line. This promising result shows that the presence of folate ions in Sp 

extract nanocapsules increases the inhibitory activity of cancer cells 

in-vitro by targeting folate receptors. 
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