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Abstract  

 Nanomedicine using nanoparticles has become a new trend in the treatment of colon cancer. 

Nanosilver is known to have antibacterial, antifungal, antidiabetic, and anticancer properties. The most 

common and easy way to make nanosilver is using the reducing agent sodium borohydride, but this 

inorganic compound element has high toxicity to the body. Polysaccharides have long been known as 

anticancer agents with low toxicity and few side effects. Okra (Abelmoschus esculentus L.), a flowering 

plant from the Malvaceae family found in tropical and subtropical areas, and the crude polysaccharide 

extract from the pods has the highest polysaccharide content. This research aims to determine the effect of 

raw okra polysaccharide extract (ORPE) as a reducing agent for making nanosilver on its ability as an anti-

colon cancer cell line HCT 116. Experiments were carried out by modifying and optimizing the 

manufacture of AgNPs by reducing NaBH4 with ORPE, 16 concentrations each with repetition 3 times. 

Characteristic tests were carried out using UV-Vis Spectrophotometry, Particle Size Analyzer, Scanning 

Electron Microscopy, Transmission Electron Microscopy, cell viability testing with MTT assay, and 

evaluation of potential apoptosis and necrosis using Annexin V-PI flow cytometry. PSA test for average 

particle size. Two groups 1 (AgNP-NaBH4) and 2 (AgNP-ORPE) each had repeated measurements 3 times 

in 16 concentrations. The mean PSA test and zeta potential value for group 1 = 232.5 ± 25.47 nm / –42.23 

± 1.45 mV and 2 = 779.66 ± 112.45 nm / –23.15 ± 3.65 mV. TEM showed that the size of Group 1 was 

50.85 nm (ꭓ = 113.14 nm) and Group 2 was 121.43 nm (ꭓ = 248.52 nm). SEM showed that the morphology 

of both groups was round in shape (group 2 with slight agglomeration). The absorbance spectrum is formed 

at a wavelength of 389 nm (group 1) and 281.5 nm (group 2). The IC50 value obtained by group 1 = 76.68 

mmol/L with 60.3 % apoptotic cells, 3.74 % necrosis and group 2 = 92.58 mmol/L with 81.4 % apoptotic 

cells and 4.95 % necrosis. ORPE as a nanosilver-reducing agent has been proven to have the potential to 

induce cell death and cause changes in mitochondrial membrane permeability in the intrinsic pathway of 

apoptosis. 

Keywords: Nanosilver, NaBH4, Okra Raw Polysaccharide Extract (ORPE), HCT 116, Apoptosis, 

Necrosis, Anticancer 
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Introduction 

 Colorectal cancer is a malignant condition that originates from the colon tissue, consisting of the colon 

(the longest part of the large intestine) and/or the rectum (the last small part of the large intestine before the 

anus) [1,2]. As is known, colon cancer arises due to abnormal and uncontrolled cell division [3]. Colon 

cancer is a disease that can arise through 3 main pathways, including sporadic, hereditary and inflammatory 

cancer. This type of cancer is one of the 3rd most common causes of death in the world [2]. In 2018, the 

number of colon cancer cases was 1,849,518 cases and 881,000 deaths [4]. This figure represents 10.2 % 

of all cancer cases in the world. In 2020, cases of death due to colon cancer showed an increasing trend in 

the incidence of colon cancer in women and men. Evidence from epidemiological studies shows that the 

rate of colon cancer cases is 10 % and the death rate due to colon cancer is 9.4 % with the majority of men 

being at high risk [3].  

Various treatment efforts have been carried out by experts in the fields of health and biotechnology. 

Efforts that are now generally applied in health facilities are chemotherapy. Chemotherapy is a therapeutic 

method in the treatment of colon cancer patients [5,6] and is often combined with immunotherapy such as 

oncolytic virotherapy, cancer vaccines, cellular immunotherapeutic drugs, immunomodulatory treatments 

for T cells, and immune checkpoint inhibitors [7]. In addition, as a preventive measure, dimerization can 

be carried out with antibodies against epidermal growth factor receptors (EGFR-Mab) such as IMC-C255, 

ABX-EGF, EMD, hR3 and ICR62 [8]. However, the application of therapeutic drugs has several limitations, 

such as hemopoietic suppression, limited efficacy, immunotoxicity, and drug resistance [1]. This condition 

has encouraged researchers to develop anticancer drugs with minimal side effects and high effectiveness. 

Kim et al. [6] have studied the impact of using red ginseng in colon cancer chemotherapy and the results 

show a positive impact. Apart from that, many other studies examine similar things, such as the use of 

Binahong leaves (Anredera cordifolia (Tenore) Steenis) by Lakshita or Melinjo plants (Gnetum gnemon 

L.) by Octavia [10-11]. Many other studies have also examined the use of biomarkers in colon cancer 

therapy [12-14]. 

Apart from that, researchers have long been making innovations in the use of polysaccharides as anti-

cancer agents. Polysaccharides have long been known as anticancer agents with low toxicity and few side 

effects [2]. Recently, there has been a shift of interest from microbial polysaccharides to plant 

polysaccharides due to the lower toxicity and side effects of the latter encapsulated in nanoparticle form. 

Rapidly developing nanomedicine holds great promise in fighting cancer. Modern medicine has been 

enhanced by the innovation of metal nanoparticles (NPs) due to their unusual properties that influence their 

method of action. Silver nanoparticles have been reported to have antibacterial activity [16], anti-cancer 

[17] and immunomodulator [18]. Polysaccharides from plant extracts are a clean, environmentally friendly, 

and cost-effective method for producing silver nanoparticles (AgNPs) compared to other chemical and 

physical methods [19].  

The choice of nanoparticle manufacturing method is highly dependent on the polymer and molecular 

properties. Conventionally, nanoparticles are made using 2 methods, namely polymerization of synthetic 

monomers and the dispersion of synthetic polymers [20]. One of the most popular methods to synthesize 

silver nanoparticles is to use cold sodium borohydride to reduce silver nitrate. A large excess of sodium 

borohydride is required both to reduce ionic silver and to stabilize the formed nanoparticles [21]. Sodium 

borohydride or sodium tetrahydroborate is a powerful chemical-reducing agent used in various industries 

such as in the synthesis of medicinal products, the textile sector, or in waste processing. This is the agent 

of choice for organic substrates because of its ease of consumption, efficiency of use, and its strength as an 

electron donor so it does not require heating in making AgNPs. Heating has the potential to increase the 
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agglomeration of particles formed. Polysaccharides have oxidizing properties [22] so they can be used as a 

substitute for the inorganic compound sodium borohydrate which is easily corrosive and flammable.  

Many types of plants are used as sources of polysaccharides. However, several plants have great 

potential because of their abundance of polysaccharides, one of which is Okra (Abelmoschus esculentus 

L.). Okra is a flowering plant from the Malvaceae family that is found in tropical, subtropical and warm 

climates throughout the world [23-25]. The pods are rich in polysaccharides, vitamin C, secondary 

metabolites, minerals and fibre, but low in calories. Apart from being consumed as food, okra is also used 

as a traditional medicine to treat dysentery and diarrhea. Flavonoid compounds such as catechin oligomers, 

quercetin, and vitamin C are antioxidants [24-27]. Wahyuningsih et al. [28] found that okra polysaccharides 

act as immune modulators by increasing B lymphocyte proliferation and spleen weight through activation 

of the transcription factor NFκB. Okra crude polysaccharide extract exerted anticancer effects on Huh7it 

cancer cells by significantly reducing cell proliferation and inducing cell apoptosis. With the results of these 

studies, it appears that raw okra polysaccharide extract has the potential to be useful for the management 

of colon cancer patients. This ability can be used as a new mechanism for treating colon cancer based on 

nanoparticles. 

This research was conducted to develop innovations in nanoparticle-based colon cancer treatment 

using silver. A trend that is currently being developed by researchers in the health sector. In developing 

nano silver, modifications were made using sodium borohydrate as a reducing agent and Okra extracts as 

an anti-cancer. The research focused on several things, namely 1) physical characterization of the 

nanoparticles being developed and 2) testing their effectiveness as anti-cancer drugs. 

 

Materials and methods 

This research was carried out experimentally to make a nanosilver with the reducing agents NaBH4 

and ORPE with 16 concentrations each and repeated 3 times incubation of 24, 48 and 72 h. The cell 

incubation period was performed with an AgNP concentration from 0.1, 0.5, 1, 2.5, 5, 7.5, 10, 20, 30, 40, 

50, 60, 70, 80, 90, 100 mmol/L [29]. 

Research was carried out to determine the characteristics of the nanosilver formed using PSA, SEM, 

and TEM tests [3]. Colon anti-cancer potential was tested using a cell viability test (cytotoxic test) with 

interpretation of IC50 results using SigmaPlot and the Constant Variance Test (Spearman Rank Correlation) 

statistical test as well as evaluating the ability of apoptosis and necrosis using the flow cytometry test [2]. 

 

Tools and materials 

The materials used in this research were Silver nitrate (Sigma Aldrich, ReagentPlus®, ≥ 99.0 % 

(titration)), polyvinylpyrrolidone (Sigma Aldrich, Cas. Number 9003-39-8, PVP10), Sodium Borohydride 

(Sigma Aldrich, powder ≥ 98.0 %, Cas. Number 16940-66-2), Natrium Chloride (Merck IC Standard, 

1.19897.0500), Deionized (DI) water was used for all experiments. Pods of Abelmoschus esculentus L. 

(Certified by Biosystematics and Molecular Laboratory, Herbarium Padjadjaran University), FITC annexin 

V (Invitrogen, USA, 25 mM HEPES, 140 mM NaCl, 1 mM EDTA, pH 7.4, 0.1 % bovine serum albumin), 

Propidium iodide (Invitrogen, USA, 1 mg/mL PI (1.5 mM) solution in deionized water), 5X annexin-

binding buffer (Invitrogen, USA, 50 mM HEPES, 700 mM NaCl, 12.5 mM CaCl2, pH 7.4), RPMI-Medium 

1640 (Merck, R0883), Fetal Bovine Serum (Merck, 12106C), Trypsin EDTA 0.05 % (Merck,T4049), 

Phosphate Buffer Saline (Merck, P2272, pH 7.2), MTT assay (Merck, No.114650007001 ), Cell line colon 

cancer HCT 116 (ATCC, CCL 247). Meanwhile, the equipment used in this research was a Microscope 

(Olympus), UV-Vis Spectrophotometer (Thermo Scientific, Multiskas Ex), Flow cytometer (BD 
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FACSLyricTM), Scanning Electron Microscope (Bronchure, SU3500), Transmission Electron Microscope 

(Hitachi TEM System, HT7800), Particle Size Analyzer (Horiba Scientific, SZ-100). 

 

Research procedure 

There are several stages carried out in this research, namely 1) making Okra Raw Polycarcass Extract 

(ORPE); 2) nanosilver synthesis; 3) identifying the characteristics of nanosilver; 4) HCT-116 colon cancer 

cell culture; 5) colon cancer cell viability test; and 6) evaluation of potential apoptosis and necrosis. 

 

Making okra raw polysaccharide extract (ORPE) 

Okra fruit was obtained from traditional markets in Surabaya, Indonesia. Fresh okra fruit (500 g) was 

cleaned with water, cut into pieces, mashed, and macerated with 500 mL of distilled water 3 times 

overnight. The supernatant was collected and centrifuged at 4,300 rpm for 5 min. The supernatant was 

precipitated in 1× the sample volume of absolute ethanol, incubated for 24 h at 4 C and centrifuged. The 

pellet was dissolved in distilled water and centrifuged. The supernatant was collected and lyophilized [4]. 

The raw polysaccharide powder from okra fruit is called Okra Raw Polysaccharide Extract (ORPE). 

 

Synthesis of nanosilver 

With reducing agent Sodium Borohydrate 

Add 30 mL of 0.002 M sodium borohydride (NaBH4) to the Erlenmeyer flask. Add a magnetic stir 

bar and place the flask in an ice bath on a stir plate. An ice bath is used to slow the reaction and provide 

better control over the final particle size/shape. Stir and refrigerate the liquid for about 20 min. Drop 2 mL 

of 0.001 M silver nitrate (AgNO3) into the NaBH4 solution stirring at a rate of about 1 drop per second. 

Stop stirring immediately after all the AgNO3 has been added. By mixing the 2 solutions (namely NaBH4 

and AgNO3). The addition of a few drops of 1.5 M sodium chloride (NaCl) solution causes the suspension 

to turn dark yellow, then grey as nanoparticle aggregates. Add a drop of Polyvinylpyrrolidone (PVP) 0.3 %. 

PVP prevents aggregation. The addition of the NaCl solution then did not affect the color of the suspension 

[5]. 

 

With ORPE 

500 mg of okra extract was dissolved in 100 mL of distilled water. Next, 30 mL of extract was added 

to 2 mL of 0.1 mM AgNO3 solution. Then several drops of 1.5 M NaCl and 1 drop of 30 % PVP [5]. After 

24 h of incubation, the solution will turn dark brown, indicating the formation of silver nanoparticles. The 

solution was then transferred to a water bath and heated at 90 C. After 15 min, centrifugation was carried 

out at room temperature at a speed of 9,000 rpm. The centrifuged pellet was then washed with distilled 

water several times and dried in an oven at 80 C to obtain a blackish powder [6]. 

 

Characteristics of nanosilver 

A scanning electron microscope (SEM) was used to analyze the surface morphology of biosynthetic 

silver nanoparticles (AgNPs). Meanwhile, the remaining unused nanoparticle biosynthesis was stored in 

0.9 % saline for further characterization. The size of the nanoparticles and their surface tension were 

measured using a Particle Size Analyzer (Zetaisher Nano ZS) at 25 C with a detection angle of 90 C. 

Transmission Electron Microscope (TEM) is used to visualize the smallest structure of the silver 

nanoparticles formed [7]. 
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HCT-116 colon cancer cell culture 

Colon cancer cells (HCT-116) were grown in RPMI-1640 media in 75 cm2 flasks supplemented with 

fetal bovine serum (10 %, FBS), sodium pyruvate (1 mM), L-glutamine (2 mM), and antibiotics (penicillin 

100 IU/mL, streptomycin 100 μg/mL) under standard conditions (37 C, air humidity 95 and CO2 5 %) [8]. 

  

Colon cancer cell viability assay 

The cytotoxicity of AgNP-ORPE was determined using the MTT assay. HCT 116 colon cancer cells 

were seeded into 96-well plates at a density of 1×104 cells/well. Cells were treated with 1 - 100 μg/mL 

AgNP-ORPE for 24, 48, and 72 h. Next, MTT was added to the wells and incubated for 4 h. The mixture 

of extract and MTT was removed and replaced with 200 μL/well DMSO. Absorbance values were measured 

at 550 nm [9]. 

 

Evaluation of potential apoptosis and necrosis 

Colon cancer cells that had been treated with AgNP-ORPE were stained with Annexin V-FITC and 

propidium iodide (PI) at room temperature for 20 min. Next, apoptotic and necrotic cells were analyzed by 

flow cytometry [10]. 

 

Results and discussion 

 Nanosilver synthesis results 

 The AgNO3 solution reacted with sodium borohydrate (NaBH4) and ORPE has a brownish-yellow 

and slightly light-yellow color. The color formation results from colorless to brownish yellow and light 

yellow which is an indication that silver nanoparticles have been formed. The success of the synthesis of 

silver nanoparticles using reducing and stabilizing agents sodium borohydrate and PVP can be seen from 

the appearance of absorbance peaks in the wavelength range of 350 - 450 nm. Based on the results, neither 

the AgNO3 solution nor the sodium borohydrate solution has an absorption peak at a wavelength of 350 - 

450 nm, which indicates that silver nanoparticles have not yet been formed. Meanwhile, the absorbance 

spectrum is formed at a wavelength of 389 nm which shows the formation of new components in the form 

of silver nanoparticles after the AgNO3 solution and sodium borohydrate solution are reacted. In the 

synthesis of AgNP-ORPE, there was a difference in the maximum absorption of the nannosilver that was 

produced, a peak absorption was obtained at 281.5 nm as in Figure 1. 

The results of testing for particle size, polydispersity index, and zeta potential of AgNP were carried 

out 3 times and the average results are presented in Table 1. Based on the PSA test data, it is known that 

AgNP-NaBH4 has a smaller average particle size than AgNP-ORPE and with the same equipment. You can 

also observe the AgNP polydispersity index value. The size of AgNp-NaBH4 particles has a size distribution 

of 40 - 100 ± 2 nm (10 %), 340 - 650 ± 11 nm (37 %) and ≥ 1,000 nm (53 %) (Figure 2(a)) while the size 

distribution of AgNP-ORPE particles starts from 584 - 788 ± 21 nm (75 %) and ≥ 1,000 nm (25 %) (Figure 

2(b)). The size of the particles formed is influenced by the zeta potential value so that the stability of the 

degree of coagulation of each product experiences quite large agglomerations (Table 1). There is a 

significantly repulsive electrostatic contact between particles when they have a substantially positive or 

strongly negative zeta potential. By doing this, the particles are kept from becoming too near to one another 

and clumping together. Van der Waals forces (ΦA) which are based on dipole-dipole interactions (ΦR) come 

into play when particles are near to one another, according to DLVO theory. There is an allure to these 

powers. The electrical double layer has less of a repulsive impact and increases the likelihood of coagulation 

at zeta potentials around 0. Zeta potential is measured in millivolts and is typically found in the –200 mV 
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to +200 mV range. Although it can be used to forecast stability, the zeta potential cannot be used to assess 

the stability of a dispersion directly. The zeta potential is typically used to evaluate the quality of the 

dispersion because it is much simpler and quicker to analyze than a stability measurement. A common way 

to characterize nanoparticle stability is in terms of the particular size-dependent quality that is used in a 

given application. The preservation of metal surface area was connected to nanoparticle stability, and this 

in turn was connected to a lower likelihood of nanostructure aggregation. Pd nanoparticles stabilized by 

PAMAM dendrimer demonstrated the highest catalytic activity, which was surpassed by those stabilized 

by block copolymer and PVP. This result implies that the maintenance of a primary, non-aggregated particle 

state is connected to nanoparticle stability [34]. 

 

 
Figure 1 Uv-vis spectrum of Nanosilver. (a) AgNP-NaBH4 and (b) AgNP-ORPE. 

 

 
Figure 2 Distribution of AgNP PSA assays. (a) AgNP-NaBH4 and (b) AgNP-ORPE. 
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 Based on Table 1, the measurement of the zeta potential value of AgNP-NaBH4 has a fairly wide range 

with AgNP-ORPE. The Polydispersity Index (PDI) is almost the same for both, it is expected that its 

hydrodynamic diameter will be larger than that of the core because it includes a surface coating material and 

a solvent layer that adheres to the surface of the particle when it moves under the influence of Brownian 

motion [11].  

 

Table 1 AgNP PSA test results. 

Testing 
Results (Average ± SD) 

AgNP-NaBH4 AgNP-ORPE 

Particle Size 232.5 ± 25.47 nm 779.66 ± 112.45 nm 

Polydispersity Index 0.8953 ± 0.001 0.8960 ± 0.002 

Zeta Potential –42.23 ± 1.45 mV –23.15 ± 3.65 mV 

 

 The microscope methods used to characterize particle shape and size are Scanning Electron 

Microscopy (SEM) and Transmission Electron Microscopy (TEM). This tool contains a 2-dimensional 

image and is formed from 2 electrons transmitted through the sample. The results of measurements using 

SEM can be seen in Figure 3. It is known that the morphology of AgNP-NaBH4 produced from the 

synthesis appears clustered and the morphology of AgNP-ORPE appears in pieces.  

 

 

Figure 3 SEM micrographs magnification 100,000×. (a) AgNP-NaBH4 and (b) AgNP-ORPE. 

 

 In the SEM results, a bright black/dark white image is obtained which is influenced by the constituent 

elements at a size of 500 nm. Metal elements with a higher atomic number will give a lighter/whiter color 

than metal elements with a lower atomic number [11]. The appearance of the particles detected was round 

in shape with slight agglomeration.  
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Gambar 4 TEM 120.000× (a) AgNp-NaBH4 and (b) AgNp-ORPE. 

 

 The results of measurements using TEM can be seen in Figure 4. It is known that the morphology of 

AgNP-NaBH4 produced from the synthesis appears spherical and the morphology of AgNP-ORPE appears 

to be round with pieces/asymmetric. In this tool, the ImageJ Application was used to determine the particle 

size, and the results obtained were that the smallest size of AgNP-NaBH4 was 50.85 nm with an average 

size of 113.14 nm and the smallest size of AgNP-ORPE was 121.43 nm with an average size 248.52 nm.  

 

 

Figure 5 Energy-dispersive X-ray spectroscopy testing. (a) AgNP-NaBH4 and (b) AgNP-ORPE. 

 

 In the EDX test, firing was carried out at the desired point/spot on the nanosilver matrix and 6 elements 

that made up AgNP were found as shown in Table 2. The percentage of the most dominant element was 

oxygen, followed by silica, then Ag. The silver element formed is influenced by the concentration of Ag 

used so the nanosilver formed uses more NaBH4 (1.22 %) than ORPE (0.21 %).  

 

Table 2 EDX spectrum of AgNPs. 

Elements 

Sum Spectrum 

AgNP-NaBH4 AgNP-ORPE 

Weigth % Atomic % Weigth % Atomic % 

N K 0.00 0.00 0.26 0.36 

O K 46.30 60.41 62.45 75.70 

NaK 1.65 1.45 10.71 9.04 

SiK 51.03 37.93 19.81 13.68 

AgL 6.78 1.22 1.07 0.21 
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 Anticancer testing results 

 Based on the results of staining with MTT using 16 concentrations from 0.1 - 100 mmol/L for each 

AgNP sample, 24 - 48 h of incubation did not show an increase in colon cancer cell death in both treatments. 

After 72 h of incubation (Figure 7), IC50 AgNP-NaBH4 was obtained at a concentration of 76.7830 mmol/L 

and IC50 AgNP-ORPE at a concentration of 92.5861 mmol/L. This shows that AgNPs have the potential to 

kill colon cancer cell lines whether made using NaBH4 or ORPE (Figure 6). Based on the Constant 

Variance Test (Spearman Rank Correlation) on SigmaPlot (p = 0.0783), the higher the AgNP concentration, 

the more colon cancer cells will die (Table 3). 

 

 

 

Figure 6 Changes in colon cancer cell line (HCT 116) after 72 h of incubation. (a) RPMI-1640 control 

medium, (b) addition of AgNP-NaBH4, and (c) addition of AgNP-ORPE. 

 

 

     

Figure 7 Toxicity test (IC50) using SigmaPlot after incubation for 72 h in RPMI-1640 media; (a) addition of 

AgNP-NaBH4, (b) addition of AgNp-ORPE. 
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(a) 

 
(b) 

Figure 8 Percentage absorbance (dose-response) of cell viability HCT 116 human colon cancer cells with 

MTT assay according to serial concentration of (a) 0.1 - 100 mmol/L AgNP-NaBH4 and (b) 0.1 - 100 

mmol/L AgNP-ORPE. 

 

 Figure 8(a) illustrates how, at the dose of AgNP-NaBH4 administered to HCT 116 cancer cells, a 

drop in the absorbance of the percentage of living cells may be seen across many incubation durations with 

each repetition. According to the MTT staining assay, there are still a lot of live cancer cells present at 

concentrations between 0.1 and 50 mmol/mL. The curve in AgNP-ORPE (b) displays a similar pattern at 

values ranging from 0.1 to 40 mmol/mL. After incubating the cells for 24 h, it was not possible to determine 

the IC50 concentration of the 2 sample treatments since cell death only happened at a concentration of 90 

mmol/mL (not yet meeting the 50 % mortality requirement). The absorbance of the percentage of living 

cells in both treatments started to decline at a concentration of 70 mmol/L in the 2nd repetition (48 h of 

incubation). Calculations for inhibition cannot be performed under these conditions. After 72 h of 

incubation, 50 % of the cancer cells were found to have died at an initial concentration of 50 mmol/L for 

AgNP-NaBH4 and 40 mmol/L for AgNP-ORPE. AgNP-NaBH4 76.6830 mmol/mL and AgNP-ORPE 

92.5816 mmol/mL were the IC50 values (IC parameter at 50.00) that were determined through calculations 

using the sigma plot software (Table 4). With a significant value at 24 h (p = 0.3636), 48 h (p = 0.3148) 

and 72 h (p = 0.0783), the p-value for each incubation time has an average of > 0.05, according to the 

ANOVA test (Table 3), which is based on this table above. As a result, the variance of the test choices for 

both nanoparticle conditions at each various incubation temperature is equal. 
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Table 3 Statistic analysis of variance. 

24 h DF SS MS 

Statistical test 

Normality test (Shapiro-wilk) 

Constant variance 

test (spearman rank 

correlation) 

Regression 4 32,923.7741 8,230.9435 

 W Statistic = 0.9700 

 Passed (p = 0.2215) 

 Significance level = < 0.0001 
Passed (p = 0.3636) 

Residual 57 971.1830 20.6635 

Total 41 33,894.9570 664.6070 

Corrected for the mean of the observation; 
Regression 3 25,465.7001 8,488.5667 

Residual 47 971.1830 20.6635 

Total 50 26,436.8831 528.7377 

48 h DF SS MS 

Statistical test 

Normality test (Shapiro-wilk) 

Constant variance 

test (spearman rank 

correlation) 

Regression 4 23,349.5923 5,837.3981 

 W Statistic = 0.9357 

 Passed (p = 0.0083) 

 Significance level = < 0.0001 
Passed (p = 0.3148) 

Residual 47 5,315.8141 113.1024 

Total 51 28,665.4064 562.0668 

Corrected for the mean of the observation; 

Regression 3 19,486.7100 6,495.5700 

Residual 47 5,315.8141 113.1024 

Total 50 24,802.5241 496.0505 

72 h DF SS MS 

Statistical Test 

Normality test (Shapiro-wilk) 

Constant variance 

test (spearman rank 

correlation) 

Regression 4 51,476.4330 12,869.1083 

 W Statistic = 0.9744 

 Passed (p = 0.3341) 

 Significance level = < 0.0001 
Passed (p = 0.0783) 

Residual 47 1,030.1787 21.9187 

Total 51 52,506.6118 1,029.5414 

Corrected for the mean of the observation: 

Regression 3 27,597.9446 9,199.3149 

Residual 47 1,030.1787 21.9187 

Total 50 28,628.1234 572.5625 
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Tabel 4 Statistic IC50 by sigmaplot software. 

Sample IC Paramaeter Predicted Residuals X column Y column IC50 

AgNP- ORPE 

25.00 3.5150 3.5150 –3.5150 3.5150 84.6785 

50.00 6773.9201 3.5150 0.8197 3.5150 92.5816 

75.00 164.0948 3.5150 –1.8984 3.5150 97.3232 

90.00 8.6910 3.5150 –2.5380 3.5150 99.5055 

AgNP- NaBH4 

25.00 4.3938 –4.3938 –18.000 4.3938 50.8196 

50.00 336.8319 7.6844 –17.4609 4.3938 76.6830 

75.00 182.2377 6.7562 –16.9219 4.3938 98.4244 

90.00 2.1275 2.5415 –16.3828 4.3938 110.7822 

 

 

 

Figure 9 Analysis of HCT 116 cells using flow cytometry after cells were stained with annexin V-FITC and 

PI. Q1: Necrosis, Q2: Late apoptosis, Q3: Early apoptosis, Q4: Live cells. (a): Normal control, (b): Positive 

control A (AgNP-NaHB4), (c): Positive control B (AgNP-ORPE), (d): AgNP-NaBH4 76.68 mmol/L and, (e): 

AgNP-ORPE 92.58 mmol/L. 

 

 The efficacy of AgNP-NaBH4 and AgNP-ORPE on cell apoptosis and necrosis, cells treated with 

Annexin-V FITC and PI. The percentages of early apoptosis, late apoptosis, and necrosis were measured 

using flow cytometry. The data are shown in Figure 9. The AgNp-NaBH4 group with a concentration of 

76.68 mmol/L showed the highest rate of early apoptosis (36.2 %) followed by the AgNP-ORPE group with 

a concentration of 92.68 mmol/L which caused 28.6 % of cells to undergo premature apoptosis. Meanwhile, 

the highest level of late apoptosis occurred in the AgNP-NaBH4 group at 24.1 % and AgNP-ORPE at 52.8 %. 
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Cancer cell death occurs through 2 pathways, namely the extrinsic pathway or death receptor pathway 

(DR) and the intrinsic pathway or mitochondrial pathway [18]. One of the extrinsic pathways is carried out 

by NK cells which are part of the innate response which is included in the lymphocyte class. Meanwhile, 

the mitochondrial pathway involves various groups of proteins such as Bax, Bcl, p53 and the caspase family 

which can then cause DNA damage and apoptosis in cancer cells [15].  

This study found that AgNP-NaBH4 and AgNP-ORPE can reduce the metabolism of colon cancer 

cells. In AgNP-NaBH4, Ag+ ions released by AgNP enter the cell. Then they reach the mitochondria where 

they interact with the thiol group and bind to the NADPH dehydrogenase enzyme and liberate Reactive 

Oxygen Species (ROS) [36]. The ROS formed in mitochondria interact with enzymes in the respiratory 

pathway, damaging the formation of ATP and the cell's respiratory cycle. ROS are also formed by 

interacting with proteins, sulfur and phosphorus-containing cell constituents. Also, these ROS that are 

formed bind to the phosphorus elements of DNA and RNA which leads to inhibiting cell replication and 

protein synthesis thereby causing cell death. In AgNP-ORPE, Okra Raw Polysaccharide Extract contains 

29.9 % rhamnose [37]. It is known that ORPE has anti-liver cancer abilities [17]. Wahyuningsih et al. [18] 

proved that treatment with ORPE for 48 h resulted in cell accumulation in the G0/G1 phase. Cells treated 

with lower concentrations of ORPE drastically increased the G0/G1 Phase sub-population when compared 

to the control group. Although cell accumulation at each ORPE concentration was dynamic, all groups were 

found to arrest cells in the G0/G1 phase. In the mitochondrial pathway too, apoptosis is caused by the release 

of cytochrome-c through the formation of channels associated with the mitochondrial permeability 

transition pore (PTP) and the protein Bax. Cytochrome-c released into the cytosol will form an apoptosome 

complex together with Apaf-1, ATP and caspase 9. This apoptosome will activate caspase-3 which plays a 

role in cutting the cytoskeleton and cleavage of gelsolin, a protein involved in maintaining cell morphology 

until the cell undergoes apoptosis [33]. AgNP-ORPE functions potentially as a mitogen to initiate the 

process of exogenous apoptosis. The homologous ligands of Fas and TRAILR, respectively, are bound by 

the former and activated by the latter. As a result of this binding and activation, the receptor tail undergoes 

conformational changes inside the cell, attracting procaspase-8, long-chain cFLIP, and FADD to create 

DISC. Procaspase-8 in DISC is activated by cFLIP to caspase 8, and caspase-8 causes apoptosis through 

either activating executioner caspase-3/7 directly or by cleaving BID into tBID, which then travels to the 

outer mitochondrial membrane and causes MOMP to form, which in turn causes apoptosis [38]. 

Inhibition of cancer growth can cause apoptosis, which is programmed cell death of cells [36]. Flow 

cytometry data showed that the highest level of AgNP-NaHB4 76.68 mmol/L was able to cause cells to 

experience the highest early apoptotic phase. Meanwhile, the lowest AgNP-ORPE level of 92.58 mmol/L 

was able to cause cells to experience the highest late phase of apoptosis. The balance of early and late 

apoptosis is estimated at AgNP levels of 70 - 80 mmol/L because the distribution of cells that react 

differently enters the Q2 and Q3 quadrants on the flowcitometry graph. AgNP-NaBH4 with levels of ± 70 

mmol/L can react to cancer cells, especially in early apoptosis. It is conceivable that higher AgNP-NaBH4 

could help increase the initiation of apoptosis in HCT 116 cancer cells. Likewise, AgNP-ORPE levels have 

the same potential as levels < 92.58 mmol/L. However, the high number of apoptotic cells in the AgNP-

NaBH4 treatment group compared with the AgNP-ORPE group indicated that the caspase family of proteins 

was being activated. 

Administration of AgNP-NaBH4 not only caused 36.2 % of HCT 116 cells to experience early 

apoptosis and 24.1 % late apoptosis but also caused 3.74 necrosis. Likewise, administration of AgNP-ORPE 

caused 26.6 % to experience early apoptosis, 2.8 % late apoptosis and 4.95 % necrosis. Necrosis is caused 

by factors external to the cell or tissue, such as infection, toxins, or trauma that result in irregular digestion 

of cell components [33]. Although AgNPs have made many advances in the development of new drugs, 
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toxicity is the most important problem to hinders efficacy/efficiency or causes side effects. The toxicity of 

AgNPs is closely related to particle size [39]. Most AgNPs are toxic to the human body, and it is precisely 

because of their small particle size that silver nanoparticles can penetrate human tissue. Zhang et al. studied 

2 sizes of AgNPs to test differences in neurotoxic effects (20 and 70 nm silver nanoparticles). The results 

showed that 20 and 70 nm silver nanoparticles significantly reduced nerve cell viability, and 20 nm silver 

nanoparticles exerted a stronger toxic effect than 70 nm silver nanoparticles. The synthesis of AgNP-ORPE 

has a zeta potential value (–23.15 ± 3.65 mV) which is lower than AgNP-NaBH4 (–42.23 ± 1.45 mV), 

thereby increasing Van der Walls forces and agglomeration occurs. This causes a high concentration (> 

50 %) of both synthesized AgNPs because it reduces the ability to penetrate tissue. Yuan [36] revealed that 

a combination treatment of camptothecin and silver nanoparticles significantly increased the number of 

cancer cells. Overall, these results suggest that camptothecin and silver nanoparticles cause cell death by 

inducing changes in mitochondrial membrane permeability and caspase activation. Of course, the 

combination of chemotherapy and silver nanoparticles provides a beneficial effect in cancer treatment 

compared to immunotherapy. Cells that undergo apoptosis or necrosis show typical changes in their 

morphological and physical properties (cell shrinkage, chromatin and cytoplasm condensation) which can 

be measured by microscope observation of the media or by flow cytometry. This research needs to be 

expanded on the size of the nanosilver formed to obtain better bioavailability. Next, we will study the 

special DNA peaks that appear when cells undergo apoptosis during the colon cancer cell cycle. 

 

Conclusions 

NaBH4 and Okra Raw Polysaccharide Extract (ORPE) have the potential to form nanosilver as a 

reducing agent and can induce cell death through apoptosis. Judging from its characteristics, AgNP-ORPE 

has a good level of stability as an anti-cancer agent. This is also seen from its so potential to inhibit the 

growth of colon cancer cells (in vitro) at a fairly high percentage. However, further studies still need to be 

carried out to provide a stronger basis regarding the use of Okra extract in inhibiting the growth of colon 

cancer cells. 
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