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Synthesis of Nano-Echinochrome extracted from Tubipora musica by Bacillus 

amyloliquefaciens CPFD8, and its potential medical applications  

as an anti-Alzheimer agent  
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ABSTRACT 

 
Natural products derived from marine organisms have emerged as promising sources of bioactive compounds 

with potential therapeutic applications. This study aimed to evaluate the antimicrobial, antioxidant, anti-

inflammatory, and anti-Alzheimer properties of nano-Echinochrome extracted from the pipe organ coral, 

Tubipora musica. Echinochrome, a red pigment, was extracted biologically using Bacillus amyloliquefaciens 

CPFD8, and its yield was quantified via HPLC analysis. The extracted echinochrome was subjected to 

ultrasound-assisted green synthesis to produce nanoparticles.  Characterization of the nano-echinochrome 

carried out by X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron 

microscopy (SEM), atomic force microscopy (AFM), dynamic light scattering (DLS), and zeta potential.  The 

antimicrobial assay revealed significant antibacterial effects, particularly against Staphylococcus aureus, and 

moderate antifungal activity against Aspergillus flavus as well as significant effects as anti-Helicobacter pylori. 

Additionally, the nano-echinochrome demonstrated substantial antioxidant effects in the DPPH radical 

scavenging assay and notable anti-inflammatory effects through COX-1/COX-2 inhibition assays. The anti-

Alzheimer potential was also demonstrated by significantly inhibiting butyrylcholinesterase (BuChE) enzyme 

activity. In conclusion, these findings suggest the potential of nano-echinochrome as a multipurpose therapeutic 

agent capable of attenuating oxidative stress, inflammation, microbial infections, and Alzheimer's disease. 
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RESUMO 

 
Os produtos naturais derivados de organismos marinhos surgiram como fontes promissoras de compostos 

bioativos com potenciais aplicações terapêuticas. Este estudo teve como objetivo avaliar as propriedades 

antimicrobianas, antioxidantes, anti-inflamatórias e anti-Alzheimer do nano-Echinochrome extraído do coral 

Tubipora musica. O Echinochrome, um pigmento vermelho, foi extraído biologicamente usando Bacillus 

amyloliquefaciens CPFD8, e seu rendimento foi quantificado por meio de análise HPLC. O echinochrome 

extraído foi submetido a síntese verde assistida por ultrassom para produzir nanopartículas. A caracterização 

do nano-echinochrome foi realizada por difração de raios X (XRD), microscopia eletrônica de transmissão 

(TEM), microscopia eletrônica de varredura (SEM), microscopia de força atômica (AFM), espalhamento 

dinâmico de luz (DLS) e potencial zeta.  O ensaio antimicrobiano revelou efeitos antibacterianos significativos, 

particularmente contra Staphylococcus aureus, e atividade antifúngica moderada contra Aspergillus flavus, 

bem como efeitos significativos como anti-Helicobacter pylori. Além disso, o nano-echinocromo demonstrou 

efeitos antioxidantes substanciais no ensaio de eliminação de radicais DPPH e efeitos anti-inflamatórios 
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notáveis através de ensaios de inibição de COX-1/COX-2. O potencial anti-Alzheimer também foi demonstrado 

pela inibição significativa da atividade da enzima butirilcolinesterase (BuChE). Em conclusão, esses achados 

sugerem o potencial do nano-equinocromo como um agente terapêutico multifuncional capaz de atenuar o 

estresse oxidativo, a inflamação, as infecções microbianas e a doença de Alzheimer. 

 
Palavras-chave: Tubípora musica, Bacillus amyloliquefaciens CPFD8, Nano-Echinochrome, Anti-Alzheimer   

 

INTRODUCTION 
 

Cnidarians provide some of the most significant 

resources of marine natural products, particularly 

for the great diversity of bioactive metabolites 

they produce in their environments (Ghosh et al., 

2022; Fol et al., 2024; Caroll et al., 2024). 

Tubípora musica, a species of coral found in 

tropical and subtropical regions produces a 

pigment known as (biochrome), these pigments 

exhibit a wide range of biological activities, 

including antioxidants, anti-inflammatory, and 

neuroprotective properties, making them 

attractive candidates for drug discovery and 

development (Karthikeyan et al., 2022; Rubilar 

et al., 2021; Moodie et al., 2019).  

 

Advances in nanotechnology offer exciting 

opportunities to enhance the therapeutic efficacy 

and delivery of bioactive compounds, including 

echinochrome (El-Basiouny et al., 2025; 

Grabacki et al., 2022). Nanostructured 

formulations can improve the solubility, stability, 

and bioavailability of compounds, enabling 

targeted delivery to specific tissues or cells (Abd 

El-Ghany et al., 2023a; Tammam and 

Lamprecht, 2017; Grabacki et al., 2022). 

Furthermore, nanocarriers can facilitate the 

crossing of biological barriers, such as the blood-

brain barrier, thereby enhancing the distribution 

of therapeutics to the central nervous system 

(Xie et al., 2019). 

 

This research aimed to investigate the synthesis 

of nano-echinochrome extracted biologically 

from Tubípora musica, its physicochemical 

characterization, and its potential medical 

applications as an antimicrobial, anti-H-pylori, 

antioxidant, anti-inflammatory and anti-

Alzheimer agent. By leveraging the synergistic 

effects of nanotechnology and natural products, 

this study seeks to address the unmet therapeutic 

needs of natural product nanoparticles and 

contribute to the development of novel treatment 

modalities for this devastating disease. 

 

MATERIALS AND METHODS 
 

Organ pipe coral (Tubípora musica) was 

collected from the coastal areas of the Red Sea 

governorate of Egypt. Bacillus amyloliquefaciens 

CPFD8 was kindly provided by (Abd El-Ghany 

et al., 2023b).  

 

Organ pipe coral was dried in an oven for 10 h at 

50°C, then left to complete drying in the open air 

for 24 h, and finally, ground to a fine powder. 

The powder was sieved to remove any big 

particles and then stored in the dark in an airtight 

container with silica packets at room 

temperature. 

 

Biological extraction method using Bacillus 

amyloliquefaciens CPFD8 de Man, Rogosa and 

Sharpe (MRS) media was prepared as follows 

[MnSO4 0.04gm,  peptone from casein 10.0 g, 

meat extract 8.0 g, tween 80 1.0g, CH3COONa 

5.0g, D (+)glucose 20.0g, C6H14N2O7 2.0g, 

MgSO4 0.2g, yeast extract 4.0g (MERCK)], then 

10g of organ pipe coral powder was added to 100 

ml of the prepared media, then the media with 

the powder was autoclaved for 30 minutes at 120 

ºC and 1.5 Atm to remove any unwanted 

microbial organisms. After cooling the media to 

room temperature, B. amyloliquefaciens CPFD8 

was inoculated in the autoclaved media in 

sterilized conditions. Finally, the media was 

incubated at 35 ºC for 7 days. After incubation 

the sample was first filtered by filter paper, then 

it was passed through a 0.45-micro filter to 

remove any unwanted impurities. This extraction 

method was adapted from Hamdi et al. (2022, 

2024a, 2024b, 2025). 

 

The sample was subjected to cooling 

lyophilization for 72 hours at −45°C and 10 Atm 

using an “Edwards modulo freeze drier.” 

 

According to Lu et al. (2010), this analysis 

approach was carried out at the National 

Research Centre in Egypt. An Agilent 1260 

series was used for the HPLC analysis. Using an 

Eclipse C18 column (4.6 mm × 250mm i.e., 
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5μm), the separation was performed. Methanol: 

water: Dichloromethane (DCM): acetonitrile 

(70:4:13:13) (v/v) at a flow rate of 1mL/min 

made up the mobile phase. An isocratic approach 

was used to sequentially program the mobile 

phase. At 280 nm, the diode array detector was 

observed. The sample solution was injected at a 

volume of 5μL. At 40 ºC, the column 

temperature was kept constant. 

 

After dissolving 15-20mg of extract in 1mL of 

acetone and vortex for 1 minute, the mixture was 

sonicated for 15 minutes and then filtered 

through a 0.45µ filter. 

 

Ultrasonic irradiation was utilized to facilitate 

the synthesis of nanoparticles from the coral 

species following Peralta-Videa et al. (2016). 

The extract is prepared by dispersing 1gm of 

organ pipe coral extract in 100mL of double-

deionized water. This mixture is then subjected 

to ultrasonic irradiation using an ultrasonic 

processor (Heshiler MPS 400, Germany) 

operating at a frequency of 60 kHz and power 

output sufficient to maintain a solution 

temperature not exceeding 70°C. During 

sonication, ultrasonic waves propagate through 

the liquid medium, producing alternating high-

low-pressure cycles. This created bubbles 

violently implode during high-pressure cycles, 

generating localized hotspots with estimated 

transient temperatures up to 5000 K, pressures 

above 1000 atm, and heating then cooling rates 

above 1010 K/s (Flannigan and Suslick, 2010). 

The collapse of these cavitation bubbles provides 

the energy required to facilitate chemical 

reactions involved in nanoparticle synthesis. 

Hydroxyl and superoxide radicals generated 

during bubble implosion may also contribute to 

the reduction of metallic ions and promote the 

green synthesis of nanoparticles (Makarov et al., 

2014; Peralta-Videa et al., 2016).  

 

A Bruker D8 Discover diffractometer definitively 

established the crystalline structure and phase 

purity of the nanoparticles synthesized (Abd El-

Samie et al., 2025; Tai et al. 2010). XRD 

analysis provides confirmatory evidence that the 

pure metallic nanoparticles have been 

successfully obtained through the green 

reduction process without contamination from 

unreacted salts or byproducts.  

 

The internal structure and primary particle size 

distribution were demonstrated using JEOL 

JEM-2100 (Tumolva et al. 2010). 

 

A Thermo Scientific Phenom ProX, produced 

high-resolution 3D images showing the surface 

morphology and secondary aggregation state of 

nanoparticles (Nguyen and Harbison, 2017).   

 

 An Agilent 5500 scanning probe system maps 

surface topology and roughness at the nanoscale 

(Huang and Andersson, 2013). 

 

DLS analysis revealed the average particle size 

along with the width of the distribution, 

indicating the uniformity of nanoparticles 

generated through the green synthesis process 

(Stetefeld et al., 2016).  

 

A Malvern Zeta-sizer Nano ZSP was used to 

provide the surface charge and electrokinetic 

potential of the nanoparticles. The time-

dependent changes in hydrodynamic diameter, 

polydispersity index, and zeta potential can be 

tracked via periodic DLS and electrophoretic 

light scattering measurements over days to weeks 

(Marsalek, 2014; Clogston and Patri, 2010).  

 

To carry out antibacterial effect, the modified 

diffusion disc technique was applied (Gaydos 

and Harrington, 1982). This strategy involved 

culturing 100μL of bacterial or fungal probiotics 

in fresh media with 10 mL, aiming to achieve 

around 108 or 105 cells/mL, depending on the 

probiotics (Pfaller et al., 1988). A 100μL 

probiotics suspension was spread on agar plates 

and incubated for 48 hours at 25ºC. The fungi 

used were Aspergillus flavus, Aspergillus niger, 

Candida albicans, and Candida parapsilosis. 

Amphotericin B was used as a positive control 

for fungi. Ampicillin, Tetracycline, Gentamicin, 

and Kanamycin were used as positive controls 

for Gram-positive bacteria (Bacillus cereus, 

Bacillus subtilis, and Enterococcus faecalis) and 

Gram-negative bacteria (Salmonella typhimrium, 

Staphylococcus aureus, Escherichia coli, 

Neisseria gonorrhoeae, and Pseudomonas 

aeruginosa).To test, 500μL of an organ pipe 

coral extract was added to the filter disc paper, 

then it was placed into the agar. The inhibitory 

zone formed, and its diameter was measured. 

(Matar et al., 2003). 
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To establish an inoculum of Helicobacter pylori 

strains for susceptibility testing, fresh colonies 

were transferred into a sterile physiological 

saline solution and turbidity was corrected to the 

0.5 McFarland standard (Clinical and Laboratory 

Standards Institute, 2006). The suspension 

created is equivalent to around 1.0 x 10^8 

CFU/mL of H. pylori. The anti-Helicobacter 

pylori activity was then measured in vitro using 

the wells agar diffusion method (Castillo-Juárez 

et al., 2007). In summary, 100μL of H. pylori 

suspension (1.0 × 10^8 CFUs/ml) was applied to 

Mueller Hinton agar plates (BBL) that had 10% 

sheep blood. Next, using a sterile cork borer or 

tip, an aseptic hole with a diameter of 6 to 8mm 

is punched and a 100µL volume of the extracted 

solution or antimicrobial agent is added to the 

well. Antibiotics amoxicillin (AMX, 0.05mg/ml), 

clarithromycin (CLR, 0.05mg/mL), and 

metronidazole (MTZ, 0.8mg/mL) were utilized 

as positive controls, while DMSO served as the 

negative control. The width of the inhibitory 

zone was measured after a 72-hour incubation 

period at 37°C in a microaerophilic environment 

with humidity. 

 

The antioxidant activity assessment was 

achieved using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging assay (Mahboub et 

al., 2024). Initially, a 0.1mM DPPH solution was 

prepared by dissolving DPPH in ethanol. The 

nano-formulated astaxanthin samples were then 

diluted with ethanol to generate concentrations of 

3.9, 7.8, 15.62, 31.25, 62.5, 125, 250, 500, and 

1000μg/mL. The ascorbic acid standard was 

prepared following a similar dilution scheme. 

Then, 1mL of the prepared DPPH solution was 

added to 3 ml of the diluted extract solutions, as 

well as the standard solutions of ascorbic acid. 

These mixtures were dispensed into triplicate 

wells of a 96-well plate, and blanks consisting of 

ethanol only were included for reference. The 

plate was then incubated at room temperature in 

the dark for 30 minutes. Following the 

incubation period, the absorbance of the 

solutions was measured at 517nm using a Milton 

Roy UV-VIS microplate spectrophotometer. The 

percentage of DPPH inhibition was calculated 

using the formula: 

 

% DPPH inhibition = 
       

  
     ,  

where A0 represents the absorbance of the blank 

control, and A1 represents the absorbance of the 

tested solution. 

 

To assess the antioxidant potency of the samples 

and standard, a dose-response curve was 

constructed. The IC50 values, representing the 

concentration at which 50% of the DPPH radical 

is scavenged, were determined for both the nano-

formulated astaxanthin extract samples and the 

ascorbic acid standard. 

 

To conduct screening for COX-1/COX-2 

inhibitors, the following protocol was employed 

(Blanco et al., 1999) 

 

Test inhibitors were dissolved in DMSO and then 

diluted to 10 times the desired test concentration 

with COX Assay Buffer before use. 

Subsequently, 10μL of the diluted test inhibitor 

or Assay Buffer was added to assigned wells as 

sample screen [S] or Enzyme Control [EC] (no 

inhibitor) respectively. For COX-1, 2μL of 

SC560 and 8μl of COX Assay Buffer were added 

to one of the wells as Inhibitor Control [IC]. For 

COX-2, 2μL of Celecoxib and 8μL of COX 

Assay Buffer were added to one of the wells as 

Inhibitor Control [IC]. 

 

The COX Cofactor was diluted 200 times by 

adding 2μL of COX Cofactor to 398 μL of COX 

Assay Buffer immediately before use, ensuring 

thorough mixing. An Arachidonic acid solution 

was prepared by combining 5μL of supplied 

Arachidonic acid with 5μL of NaOH, followed 

by brief vortexing. This solution was further 

diluted 10 times by adding 90 μL of ddH2O and 

briefly vortexed again. For each well, 80 μL of 

the master mix was prepared, consisting of 76μl 

of COX Assay Buffer, 1μL of COX Probe, 2μL 

of diluted COX Cofactor, and 1μL of COX-1, for 

the COX-1 reaction, and 1μL of COX-2, for the 

COX-2 reaction. Subsequently, 80μL of the 

reaction mixture was added to each well, and 

10μL of diluted Arachidonic Acid/NaOH 

solution was added to each well using a multi-

channel pipette to initiate all reactions 

simultaneously. 

 

To quantify the results, fluorescence was 

measured kinetically at 25°C for 5-10 minutes, 

wavelengths of (Ex/Em = 535/587 nm). Two 

points, T1 and T2, were selected within the linear 

range of the plot, and the corresponding 
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fluorescence values, RFU1 and RFU2, were 

recorded. 

 

The slope for the sample, including the Enzyme 

Control (EC), was calculated by dividing the net 

change in fluorescence (ΔRFU, calculated as 

RFU2 – RFU1) by the corresponding time 

interval (ΔT, calculated as T2 – T1). 

Subsequently, the % Relative Inhibition was 

determined using the following formula: 

 

% Relative Inhibition = 
                             

           
       

 

The anti-Alzheimer's activity was evaluated by 

measuring the inhibition of butyrylcholinesterase 

(BuChE) enzyme activity following the Ellman 

method. The hydrolysis of Butyryl thiocholine 

iodide (BTC) by BuChE was monitored 

spectrophotometrically in the presence of 5,5'- 

dithiobis 2-nitrobenzoic acid (DTNB) at 405nm. 

The reaction mixture contained 50mM MOPS 

buffer (pH 8), 0.125mM DTNB, and 0.2U/mL 

BuChE enzyme. The increase in absorbance was 

monitored for 60 seconds after the addition of 

BuChE. Two different sample preparations were 

tested: cooked and direct extract. The samples 

were tested at various concentrations ranging 

from 0 to 100μg/mL. The percentage of BuChE 

inhibition was calculated, and the IC50 value 

(the concentration required for 50% inhibition) 

was determined (Miao et al., 2022). 

 

RESULTS AND DISCUSSION 
 

Figures 1 and 2 revealed that the concentration of 

echinochrome extracted from Tubípora musica 

using B. amyloliquefaciens CPFD8 is 10µg/g. 

Comparing   our   results  to  those  obtained 

from chemical  extraction  methods,  it  is  

evident that the echinochrome yield from B. 

amyloliquefaciens CPFD8 extraction is 

significantly lower. For instance, echinochrome 

chemically extracted using HCl from the shells 

of Scaphechinus mirabilis is 1365.68µg/g 

(Vasileva et al., 2021). Also, using sulfuric acid 

on the shells of Diadema setosum yielded an 

even higher concentration of 5339.07µg/g (Nhu 

Hieu et al., 2020).  

 

The XRD pattern of organ pipe coral shows a 

clear diffraction peak at a 2θ angle of 25°, as 

seen in Fig. 3. This peak suggests that the extract 

contains crystalline particles.   

In the TEM micrographs shown in Fig. 4, the 

nanoparticles of organ pipe coral appear as 

discrete, spherical nanostructures with well-

defined edges and uniform contrast, indicative of 

consistent morphology and regular dimensions 

within the sample.  

 

The sharp circular outlines distinguishable on 

individual nanoparticles confirm their spherical 

geometry. Quantitative image analysis of 

multiple nanoparticles across several TEM 

images reveals a narrow particle size distribution 

centered at an average of 19.8 nm diameter, with 

no significant aggregation or agglomeration. This 

suggests the green synthesis method can produce 

spherical metallic nanoparticles of controlled and 

homogeneous size when optimized. addition, the 

uniform high contrast across each spherical 

nanoparticle signifies dense packing of atoms 

and a crystalline internal structure, which may 

confer desirable functional properties. The lack 

of nanoparticles that overlap in the TEM images 

verifies the effective stabilization of colloidal 

suspension. This allows for accurate 

nanomaterial morphology and dimensions 

characterization through electron microscopy-

based techniques. 

 

SEM micrographs as shown in Fig. 5 revealed 

that the nanoparticles are discernible as discrete, 

spherical structures with 30-40 nm diameters. 

Spherical morphology is    across all observable  

particles,  indicating  high  shape uniformity. 

Furthermore, the particles appear well-separated 

without significant agglomeration. The 

distribution shows a narrow, gaussian-like profile 

centered at 34.2 ± 2.1 nm diameter. This 

corroborates the uniform particle dimensions 

qualitatively observed in the SEM images. The 

spherical geometry and homogeneous size 

distribution verify the ability of the ultrasound-

assisted, extract-based green synthesis method to 

produce metallic nanoparticles with controlled 

morphology and dimensions. The discrete nature 

and lack of aggregation also confirm 

the effective stabilization of the nanoparticles.  

 

Micrographs of AFM as presented in Fig. 6 

demonstrated that the nanoparticles were 

spherical protrusions rising from the flat 

substrate surface. Analysis of height profiles 

across multiple particles shows average heights 



Hamdi et al. 

6   Arq. Bras. Med. Vet. Zootec., v.77, n.6, 2025 

of 30-35 nm, confirming the spherical nature 

with dimensions correlating to the diameters 

determined through electron microscopy. A 

narrow, gaussian-type distribution is evident, 

centered at 32.1±1.8nm. Also, size analysis of 

echinochrome by DLS indicated the formation of 

spherical nanoparticles with a mean 

hydrodynamic diameter of approximately 50 

nanometers as shown in fig. 7. Zeta potential 

measurements revealed a highly negative surface 

charge density of -32 millivolts. The nanoscale 

size facilitates cellular uptake and extravasation 

at sites of inflammation or infection, while the 

strong negative charge confers stability through 

electrostatic repulsion between particles. These 

physiochemical properties of ~50 nm size and -

32 mV zeta potential endow echinochrome with 

a high drug encapsulation efficiency and capacity 

for controlled release, enabling excellent 

bioactivities.  

 

 
Figure 1. HPLC chromatogram of echinochrome extracted using B. amyloliquefaciens CPFD8 from 

Tubípora musica. 

 
Figure 2. HPLC chromatogram for echinochrome standard solution. 
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Figure 3. Illustrated the XRD pattern of nano-echinochrome. 

 

 
Figure 4. TEM Image of nano-echinochrome. 
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Figure 5. SEM images showing echinochrome nanoparticles. 

 

 
Figure 6 .AFM micrographs of the spherical shape of nano-echinochrome 

 

 
Figure 7. DLS of nano-echinochrome. 
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The extract showed significant antibacterial 

activity, with the best inhibition activity against 

the gram-negative bacteria Staphylococcus 

aureus at 30mm, as shown in Table 1. Also, It 

showed antifungal activity against Aspergillus 

flavus at 7.5 mm (Table 2). This finding is 

consistent with Sadek et al. (2022). Who found 

that echinochrome extracted from sea urchins has 

antibacterial activity against S. aureus. 

Furthermore, the echinochrome extract has 

antifungal activity against Aspergillus flavus. 

Similarly, Moreno-García et al. (2022) reported 

that echinochrome extracted from Tripneustes 

ventricosus showed 50% inhibition against C. 

albicans and C. parapsilosis.   

 

Table 1. The antibacterial activity of nano-echinochrome extracted by the biological method using B. 

amyloliquefaciens CPFD8 

 

Inhibition zone diameter (mm/10µL Sample) 

Bacterial species Standard 
Sample 

Kanamycin Gentamicin Tetracycline Ampicillin 

Gram-positive 

24 -- 28 -- 22 Bacillus cereus (ATCC:14579) 

29 -- 34 -- 20 Bacillus subtilis (ATCC:6051-) 

25 -- 30 -- 24 Enterococcus faecalis (ATCC:29212) 

Gram negative 

27 -- 35 -- 30 
Staphylococcus aureus 

(ATCC:13565) 

-- -- 33 24 28 Escherichia coli (ATCC:10536) 

-- -- 31 27 25 
Neisseria gonorrhoeae 

(ATCC:49226) 

-- 18 23 -- 24 
Pseudomonas aeruginosa  

(ATCC:27853) 

-- -- 31 21 28 
Salmonella typhimrium 

(ATCC:14028) 

 

Table 2. The antifungal activity of nano-echinochrome extracted by the biological method using B. 

amyloliquefaciens CPFD8  

Inhibition zone diameter (mm / 10µl Sample) 

Fungal species 
Standard 

Sample Amphotericin B: 

Antifungal agent 

20 7.5 Aspergillus flavus (ATCC:9643) 

18 0 Aspergillus niger (ATCC:16404) 

22 0 Candida albicans (ATCC:10231) 

23 0 
Candida parapsilosis 

(ATCC:22019) 

 

Results showed that the extract had significant 

activity against H. pylori at 27.5 mm compared 

to the positive control at 24.17mm, as shown in 

Fig. 8. On the same line, Kang and Kim (2017) 

and Lee et al. (2020) stated that astaxanthin has 

anti-Helicobacter pylori activity.  

 

Results showed that the DPPH Scavenging 

increased with the concentration of the extract as 

shown in Fig. 9. The sample's maximum 

concentration (1000 µg/ml) has a 69.3% DPPH 

scavenging activity, showing strong antioxidant 

properties. The IC50 value of 53.75 µg/ml 

indicates that the echinochrome sample may 

block 50% of DPPH radicals at low 

concentrations. This suggests that the 

echinochrome sample has a high antioxidant 

potency. This is consistent with Halliwell and 

Gutteridge (2015) and Sennikov et al. (2018) 

who reported that echinochrome's antioxidant 

action is due to numerous phenolic hydroxyl 

groups that can donate electrons to destroy free 
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radicals. Also, Popov et al. (2020) showed that 

echinochrome has antioxidant capabilities and 

could be used to treat oxidative stress-related 

disorders.  

 

 In the present study, it was found that the 

percentage of inhibition of COX-1 and COX-2 

increases as the concentration of the extract 

increases (Figures 10 and 11). The highest 

inhibition rate is 112.6% at 500 µg/ml and 83.2% 

at 1000µg/mL of the extract against COX-1 and 

COX-2, respectively. The observed reduction of 

COX-1 and COX-2 enzymes (as shown in fig 12 

and 13) shows that echinochrome achieves anti-

inflammatory actions via inhibiting prostaglandin 

synthesis. COX enzymes are essential for 

converting arachidonic acid into prostaglandins, 

which are inflammatory solid mediators 

(Ricciotti and FitzGerald, 2011). The anti-

inflammatory activity of echinochrome is 

consistent with previous studies by Lee et al. 

(2012) who reported that echinochrome has been 

shown to suppress the expression of 

inflammatory mediators and cytokines, thereby 

attenuating inflammation in various experimental 

models. 

 

The cooked sample's IC50 value for BuChE 

inhibition was 17.12μg/mL. At the highest tested 

concentration of 100μg/mL, the cooked sample 

exhibited 87.615% inhibition of BuChE activity. 

The IC50 value for BuChE inhibition in the 

direct extract sample was 28.6 μg/mL. At 

100μg/mL, the direct extract sample showed 

81.477% inhibition of BuChE activity. The 

results indicate that the cooked and direct extract 

samples possess anti-Alzheimer's activity by 

inhibiting the BuChE enzyme. BuChE is a 

cholinesterase enzyme that hydrolyzes 

acetylcholine, a neurotransmitter involved in 

memory and cognitive functions. Inhibition of 

BuChE can potentially increase the availability 

of acetylcholine in the brain, which may help 

alleviate the symptoms of Alzheimer's disease. 

 

The cooked sample exhibited more vital BuChE 

inhibitory activity than the direct extract, as 

evidenced by the lower IC50 value (17.12μg/mL 

vs. 28.6μg/mL). This suggests that the cooking 

process may have enhanced the sample's anti-

Alzheimer's potential or altered the composition 

of active compounds responsible for BuChE 

inhibition. 

 

 
Figure 8. Zeta potential of nano-echinochrome. 
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Figure 9. Anti- Helicobacter pylori activity of nano-echinochrome extracted by B. 

amyloliquefaciens CPFD8.  

 

 
Figure 10. DPPH scavenging activity of nano-echinochrome extracted by the biological method using B. 

amyloliquefaciens CPFD8  

 

 
Figure 11. Cox-1 inhibition activity of nano-echinochrome extracted by the biological method 

using B. amyloliquefaciens CPFD8. 
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Figure 12. Cox-2 inhibition activity of nano-echinochrome extracted by the biological method 

using B. amyloliquefaciens CPFD8. 

 

 
Figure 13. Anti-Alzheimer (butylcholinesterase (BuChE)) inhibition activity of nano-

echinochrome extracted using B. amyloliquefaciens CPFD8 against control. 

 

CONCLUSION 

 

Using natural marine products combined with 

nanotechnology offers a promising approach to 

developing novel therapeutic agents. The current 

findings indicated that nano-echinochrome 

exhibits considerable antimicrobial activity 

against Staphylococcus aureus, and anti-fungal 

activity against Aspergillus flavus. Also, the 

antioxidant and anti-inflammatory properties of 

echinochrome, combined with nanotechnology, 

indicate an effect against Alzheimer's disease. 

This is supported by the observed inhibition of 

butyrylcholinesterase (BuChE) activity, 

suggesting its potential as a diverse therapeutic 

agent. However, further studies, including in vivo 

experiments and clinical trials, should be 

necessary to confirm the efficacy and safety of 

these samples as potential anti-Alzheimer agents. 
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