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ABSTRACT

Objective: Colorectal cancers pose a major threat along with increasing morbidity and mortality to human health worldwide. Therefore, 
it is crucial to develop effective and safe methods for tumor therapy. In recent years, nanoparticles have emerged as successful candidates 
for drug delivery into tumor tissues. The particle size of nanoparticles (NPs) is of great importance for passive tumor targeting. Therefore, 
in this study, we aimed to synthesize and characterize rubidium-based nanoparticles (RbNPs) from the moss Abietinella abietina (AA) and 
determine their anticancer effects on colorectal carcinoma cell line (HCT116). 

Materials and Methods: A field emission scanning electron microscope (FESEM), dynamic light scattering (DLS), energy dispersive 
X-ray analysis (EDX), UV/VIS and fourier transform infrared (FTIR) spectrophotometers were used to characterize the RbNPs. To study the 
cytotoxicity, a sulforhodamine B (SRB) assay was performed in  colorectal carcinoma cell cultures. 

Results: As a result, RbNPs- AA developed with an average particle size of about 70 nm. RbNPs- AA proved to be cytotoxic at lower doses 
than free AA, as it decreased cell viability at half the amount of free AA (14.25 µg/mL). 

Conclusion: The availability of RbNPs, particularly for the treatment of colorectal cancer, is evidenced by the fact that all the data collected 
are highly relevant.
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INTRODUCTION

Besides gastrointestinal cancers, colorectal carcinoma (CRC) 
is the third most common malignancy and the third leading 
cause of cancer-related deaths worldwide (1). The most 
common therapies for CRC include surgery, chemotherapy 
and radiotherapy for all stages of the disease, and adjuvant 
and neoadjuvant therapy for advanced stages (2). The 
fact that symptoms follow a similar course to other bowel 
diseases and that CRC is not diagnosed until the 3rd and 
4th stages, with no response to the treatments used or 
resistance to treatment, reduces the survival rate for this 
disease.

Although many alternative methods have been explored, 
progress is still in its infancy. Tumor-targeted nanostructure 
systems are therefore heavily involved in cancer research 
studies (3, 4). In the last 20 years, the environmentally 
friendly production of chemicals for a sustainable future 
has been the subject of extensive research worldwide. 
The choice of an environmentally friendly solvent, an 
effective reducing agent, and an effective stabilizing 
agent are the three most important requirements for the 
production of nanomaterials. However, the biosynthetic 
method is considered a safe and environmentally friendly 
green method for the synthesis of nanoparticles for 
medical purposes. Generally, the chemical methods 
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used are expensive and involve the use of hazardous and 
harmful chemicals that pose many risks to the environment 
(4). Researchers around the world are constantly working on 
environmentally friendly production techniques that use 
green nanotechnology to develop highly effective, non-toxic, 
and environmentally safe products (5). Nanocarriers used in 
biology and medicine should have low or no toxicity and be 
easy to integrate and degrade (6). Metallic nanoparticles can 
easily cross biological barriers and penetrate into human 
tissues through the pores of the skin. They can bind to proteins 
and nucleic acids, be absorbed into cell membranes, enter the 
nucleus and alter the activities of cells, and exhibit greater 
cellular activity due to their small size and large surface area 
(7, 8).

The oldest plants, called bryophytes, which can be used in 
green synthesis, can adapt to a wide range of environmental 
conditions. They generally have inadequate growth and 
defense systems. Therefore, liverworts depend on the 
metabolic processes of secondary metabolites for both 
survival and environmental protection (9). In addition, some 
components of the mosses inhibit tumor growth and show 
an anticarcinogenic effect on various cancer cell lines (10). 
Abietinella abietina (AA)  is a moss species from the Thuidiaceae 
family (11). The discovery of the antileukaemic activity of 
P-388 in the ethanol extract of Claopodium crispifolium, 
which belongs to the Thuidiaceae family, led to more mosses 
being collected and studied in 1980 and 1981 (12). Recently, 
in our work, we investigated different mosses with different 
extraction solutions, including the cytotoxic effect of AA on 
the 5-fluorouracil (5-FU) selected CD24+ colon cancer cells. In 
comparison to many different extracts of AA, the ethanol extract 
showed the highest cytotoxicity and decreased the Rho123 low 
cell population in 5-FU resistant HCT116 colon cancer cells (13). 
Therefore, we wanted to continue this study and analysed the 
efficacy of ethanol extract of i with a nanocarrier at this time. 
For this reason, rubidium metal-based nanoparticles (RbNPs) 
were synthesized using AA moss by green synthesis technique 
and their effects on colon cancer cells (HCT116) were evaluated 
after their characterization in this study. 

MATERIALS AND METODS

Rubidium dinitrate (Rb(NO3)2), Sodium borohydride (NaBH4) 
and trisodyum nitrate (Na3C6H5O7) (Sigma Aldrich) were used 
for RbNPs. NaHCO3 (Sigma), Dulbecco’s modified eagle medium 
(DMEM; Sigma), dimethyl sulfoxide (DMSO) (Sigma) and fetal 
bovine serum (FBS) were used for cell culture assays. 

Liverworth Extraction 

AA was freeze-dried, and its extracts were obtained. Absolute 
ethyl alcohol, which has a boiling point of 78.37 °C and a 
relative polarity of 0.654, was utilized as the dissolvent. A 
sample-to-solvent ratio of 1:50 was used in the extraction. 
All of the process was done in the Soxhlet apparatus. After 
24 h extraction, the solutions were completely evaporated in 
a rotary evaporator (Heidolph) at 40°C under a vacuum. For 
analysis, the powdered dry extracts were diluted with DMSO.

Preparation of RbNPs and RbNPs-AA

Stock solutions of 0.1 mM Rb(NO3)2, 4.3 x 10-3 M Na3C6H5O7, and 
2 x 10-3 M NaBH4 were prepared. First, 2 mL of Rb(NO3)2 was 
mixed with 24 mL of Na3C6H5O7 and 24 mL of NaBH4 for 15 min. 
at 60 °C. The mixture was then shaken for an additional 15 min. 
at 90 °C. The obtained RbNPs stock solution was diluted with 
the extract of 1 mg/mL AA prepared in an aqueous medium 
(Diagram 1).

Dynamic Light Scattering (DLS) and Zeta Sizer 
Analysis

Zetasizer measurements were performed at 22-23oC DLS 
evaluation with the Zetasizer Nano ZS using a 4 mW He-Ne laser 
at a wavelength of 633 nm and a detection angle of 173 °C.

Energy Dispersive X-Ray (EDX)-Field Emission 
Scanning Electron Microscope (FESEM) analysis

RbNPs and RbNPs-AA samples were trickled onto a glass 
substrate and covered with Au/Pd at a thickness of 450 mm 
using a small Polaron sc 7620 sputter coater, then analysed by 
FESEM and EDX. To image liquid samples for analysis, samples 
were dropped onto glass substrates, dried, and then placed on 
the instrument.

Diagram 1. Preparation of RbNPs and RbNPs-AA
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Fourier Transform Infrared (FTIR) Analysis of 
RbNPs and RbNPs-AA

FTIR analyses of the samples were performed using a Perkin 
Elmer Spectrum (400 FT-IR/FT-FIR Spectrometer Spotlight 400 
Imaging System).

Absorption Measurements 

The Hach Lange DR 5000 spectrophotometer was used to 
evaluate the absorbance of aqueous solutions of plastics. Water 
was used as a reference for measurements in the wavelength 
range 200-1100 nm.

Preparation of Colorectal Carcinoma Cell Line

A total of 1x105 cells/mL (ATCC® CCL-247™) cells were cultured 
in DMEM containing 10% FBS and 1% penicilin/streptomycin 
and incubated at 37 °C in an incubator containing 5% CO2 for 
48 hours. 

Effects of AA and RbNPs-AA on the Cell Viability 
on HCT116 with Sulforhodamine B (SRB) Assay

SRB is a fluorescent dye that is used to quantify cellular proteins 
in cultivated cells as well as laser-induced fluorescence. The SRB 
test determines the volume of all proteins and connects it with 
the number of cells based on the dye’s affinity for amino acids 

in proteins in cells (14). For this aim, lyophilized extract stock 

solutions were prepared in DMSO and then diluted with six 

different doses of free AA and RbNPs-AA (114, 57, 28.5, 14, 25, 

Figure 1. FESEM images and DLS particle size distribution of (a) RbNPs and (b) RbNPs-AA.

Figure 2. UV-VIS measurement results of RbNPs.
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7.125, and 3.56 µg/mL) before being administered to HCT116 
cells and cultured for 48 hours at 37°C in a 5% CO2 incubator. 
After 48 hours, the antiproliferative effect of free AA and RbNPs-
AA against colon cancer cells was performed. Dose-response 
curves were generated to determine the IC50 of a compound 
(the concentration that prevents 50% of cells from growing). 
Using the Graphpad Prism 5 tool, the efficacy of the extracts 
was compared using this metric.

RESULTS 

In the present work, the size distributions of two RbNPs are 
compared. The RbNPs produced ranged from 43.82 nm to 68.06 
nm, as shown by the DLS data in Figure 1. The approximate 
particle size is 58 nm on average. The particle diameters of 
the AA extract linked to RbNPs varied from 58.77 nm to 91.28 
nm. FESEM evaluation shows that although the nanoparticles 
stick together after solvent evaporation, particles between 50 
nm and 60 nm are easily visible. In contrast, RbNPs-AA extracts 
discolored the soil and made it difficult to distinguish particles 
below 100 nm (Figure 1). This is due to the fact that the amine 
groups in the extract structure of AA contain dye features.

In the studies of UV-VIS, no pronounced RbNPs absorption 
peak was detected in the visible spectrum. However, in the 
composition with the AA extract, strong peaks were detected 
near the ultra-UV region of 205-225 nm (Figure 2).

In Figure 3, the first peak was shown at 3276 cm-1 for the -OH 
band, the second peak was measured at 1645 cm-1 for the 
carboxylate group of Na3C6H5O7, the band for -CH vibrations 
at lower wavelengths. Shifts were observed for RbNPs-
AA compared to RbNPs. In the RbNPs-AA extract, the -OH 
vibrational band shifted from 3276 cm-1 to 3242 cm-1 due to 
the amine groups in the structure. Moreover, characteristic 
vibrational peaks such as -CN stretching, -OH bending, -CH 
bending, -CO stretching between 1634-1007-934 cm-1 were 
measured in the RbNPs-AA group. 

AA extract had 53.73% carbon, 3.48% nitrogen and 21.38% 
oxygen, while RbNPs contained 21.41% Rb according to EDX 
analysis. A very high percentage of the carrier RbNPs was found 
in the structure (Figure 4).

The effects of nanoparticles on cancer cell viability are 
determined by cytotoxicity analysis. In this way, the 
effectiveness of nanoparticles on cells can be better 
understood. Therefore, the SRB assay was used in this study, 
which is the preferred cytotoxicity assay. Accordingly, RbNPs-
AA inhibited cell viability at half the dose of free AA (14.25 µg/
mL) (Figure 5a). When IC50 values were compared, RbNPs-AA 
was found to be more cytotoxic (Figure 5b).

Figure 3. The FTIR data of RbNPs, and RbNPs-AA extract.

Figure 4. EDX analysis of RbNPs-AA.
Figure 5a. The results of cell viability percentages of RbNPs-
AA and free AA. b. IC50 values of RbNPs-AA and free AA.
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DISCUSSION

To prepare nanoscale pharmaceutical preparations, anticancer 
drugs have recently been combined with nanoscale matrix 
materials by covalent chemical bonding, non-covalent 
chemical interactions (15), encapsulation by hydrophobic 
interactions, and encapsulation. The water solubility of drugs, 
distribution in tissues, and in vivo pharmacokinetics can be 
altered using matrix materials, and absorption in cells is also 
significantly enhanced (16). As a key factor in each stage of 
nanoparticle packaging, particle size is a crucial characteristic 
of nanoparticles (17). According to studies (18, 19), small 
nanoparticles have the advantage of penetrating into tumor 
tissues, while larger nanoparticles can passively enter the 
blood and aggregate near tumor blood vessels due to their 
increased permeability and retention (EPR). The presence of 
an extracellular matrix (ECM) and anomalous interstitial fluid 
pressure (IFP) have also been discovered as physiological 
barriers that contribute to osmotic barriers (20). The force 
that drives the diffusion of nanomedicines from blood vessels 
into the tumor is undermined by increased IFP in the tumor, 
resulting in a lower pressure differential between them (21). A 
thick barrier that restricts the passage of nanomaterials to the 
tumor core is formed by the ECM, which includes very active 
macromolecules that envelop cancer tissue (20). Therefore, it 
is inconvenient for large nanoparticles to pass through blood 
vessels and reach the distal end of cancer cells, especially in 
desmoid tumors that are enclosed by the thick tumor tissue and 
lack of blood vessels. In another experiment, it was found that 
300 nm liposomes enhance the efficacy of surface modification 
but do not enter the tumor as well as 100 nm liposomes. Clearly, 
the small particle size of the nanocarrier contributes to a longer 
half-life of the drug and better tumor penetration. In addition, 
tumors are prone to collect nanoparticles that have substantial 
permeability and are below  70 nm in size (22). The average 
particle size of RbNPs-AA is 70 nm. Thus, the nanoparticle sizes 
found in this work are quite perfect. In addition, it is possible 
to determine the size of the particles using XRD patterns and 
the change in band gap absorption in the UV-VIS spectrum. 
The strong peaks of RbNPs-AA near the ultra-UV region of 
205-225 nm is due to the absorption peaks of the electronic 
-* transitions in the AA -extract structure originating from the 
carboxyl and amine groups (23). FTIR analysis uses infrared 
beam to scan samples to describe inorganic, organic, and 
molecular components. A change in chemical structure can be 
easily detected by changes in the typical pattern of absorption 
bands. FTIR is useful in defining and identifying unidentified 
compounds, detecting additions, finding impurities in a 
substance, and detecting degradation and oxidation (24). While 
the characteristic vibrational peak of RbNPs was seen at 596 
cm-1, it was simultaneously found that this vibrational signal 
shifted to 607 cm-1 after AA extraction charge (25). On the other 
hand, for a thorough chemical evaluation of nanoparticles, EDX 
has proven to be an effective and quite fast characterization 
technique (26). In this study significant results were detected 
by EDX analyzes.

Currently, there are very few studies on the preparation of 
RbNPs. Rubidium chloride (RbCl)-doped magnesium oxide 
(MgO) nanoparticles were prepared by Suba et al. (27), using 
grape juice, and they discovered that these RbNPs have 
antibacterial properties. A new class of Rb-containing bioactive 
glass nanoparticles (Rb-BGNs) with particle sizes below 100 
nm was prepared in another study, and the results suggested 
that Rb-BGNs could be effective bioactive fillers for bone 
regeneration applications (28). According to Khorshid et al. 
(29), PMF, cesium, and rubidium nanoparticles were found to 
increase apoptosis in A549 lung cancer cells. 

CONCLUSION

In summary, we have synthesized very small RbNPs with AA 
extract. The green synthesis approach has remarkable properties 
suitable for anticancer purposes. This is because the lower 
dosage of RbNPs-AA, which we used for this study in contrast 
to the free AA group, proved to be two-fold cytotoxic to colon 
cancer cells. Bryophytes are plants that do not have to be grown 
laboriously all over the world, are abundant and contain a lot of 
bioactive substances. Therefore, they are of great importance 
for anticancer drug/active substance content. Furthermore, very 
detailed studies on rubidium nanocarriers have not yet been 
carried out. So, the efficacy of RbNPs prepared in our work using 
the green synthesis approach will serve as a model for further 
studies. Besides, the isolation of biologically active substances 
from moss extracts could be useful in further investigations of 
agents providing protection against colorectal cancer.
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