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Abstract 

One of the leading causes of death worldwide is cancer, particularly colorectal cancer, which ranks third among cancer-related 

deaths according to recent studies. In light of this reality, the importance of finding a treatment that avoids the pitfalls of 

previous treatments increases. These treatments may be beneficial in treating colorectal cancer, but they also harm the entire 

body. Thanks to the promising idea of using nanotechnology to develop an efficient treatment, there are many options to work 

on. Despite its rocky nature, kaolin possesses properties that could transform treatments if exploited optimally. Many 

researches illustrated the promising role of kaolinite in many medical applications. This research aims to obtain pure kaolinite 

in nano scale form, to make sure of the validity of kaolinite itself chemically using Fourier Transform Infrared (FTIR) and 

analysis technique X-ray Fluorescence Spectroscopy (XRF), then, to test its potential toxicity in eliminating colorectal cancer 

cells using cell viability 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide assay (MTT assay). 
 
 
 

1. Introduction 
 

      Colorectal cancer (CRC) represents as one of the leading 

causes of morbidity and mortality of cancer cases 

worldwide. In 2020, it was estimated that there were over 

1.9 million new cases and nearly 1 million deaths globally 

[1,2]. Geographical distribution in terms of high- or low-

income areas is considered one of the determinants of 

incidence rates [3]. Major risk factors for CRC include 

lifestyle changes, dietary habits, diets high in red or 

processed meats, low fiber intake, alcohol consumption, 

tobacco use, obesity and physical inactivity [4], age (most 

common in elderly people) [3,5], gender differences [6], 

family history of CRC, genetic syndromes and personal 

history of inflammatory bowel disease [5,7-8]. Cryotherapy 

could be saved as a treatment option [9], and also 

radiotherapy, to be used in order to eliminate CRC [10].  

Conventional treatment for CRC is stage-dependent. Early-

stage cancers are typically treated with surgical resection, 

which can be curative [11].  
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      Adjuvant chemotherapy (e.g., FOLFOX, FOLFIRI) is 

often administered in stage III or high-risk stage II disease 

to reduce recurrence risk. For metastatic CRC (mCRC), 

systemic chemotherapy remains the cornerstone of 

treatment, often in combination with targeted agents such as 

Bevacizumab as anti-VEGF, and Cetuximab or 

panitumumab as anti-EGFR [11]. One of the major 

challenges in CRC treatment is the non-specificity of 

conventional chemotherapeutic agents, which attack both 

healthy and cancerous tissues, leading to significant side 

effects. Moreover, many drugs have poor solubility or rapid 

degradation in vivo, limiting their effectiveness [11]. 

Nanotechnology offers a promising alternative by enabling 

targeted drug delivery to tumor tissues, controlled and 

sustained drug release, combination therapies in a single 

nano-carrier, and enhanced imaging and diagnostic 

capabilities [12-14]. Among the nano materials being 

explored, nanokaolinite has shown considerable potential 

due to its natural abundance, low cost, biocompatibility, and 

modifiability [15]. This sets the stage for exploring the use 

of kaolinite-based nanomaterials as next-generation 

vehicles for CRC therapy. Among various nanomaterials, 

clay minerals, particularly kaolinite, have gained attention 

for their unique physicochemical properties, 

biocompatibility, and ease of functionalization  

      Kaolinite is a naturally occurring clay mineral that is 

composed of aluminosilicate with a layered structure and a 

chemical formula Al₂Si₂O₅(OH)₄ [16]. Kaolinite is 

characterized by its high surface area and cation-exchange 

capacity, with a 1:1 dioctahedral phyllosilicate structure. 

These properties position it as an attractive candidate for the 

applications of drug delivery. Kaolinite’s biocompatibility 

and low toxicity profile further support its potential in 

biomedical applications [17]. These properties have made 

kaolinite a valuable material in various fields, including 

ceramics, paper coating, cosmetics, drug delivery, and more 

recently, biomedical applications like cancer treatment 

[18,19]. Kaolinite can provide a controlled and sustained 

release as it adsorbs and intercalate chemotherapeutic drugs, 

due to its lamellar structure and surface charge [20]. For 

instance, methoxy-modified kaolinite has been shown to 

increase the interlayer spacing, enhancing drug loading 

ability and facilitating controlled release [19,21]. Kaolinite 

also has a contribution in targeted therapy. Kaolinite also 

achieved the pH-responsive delivery. Kaolinite can be 

engineered for selective drug release drugs selectively in the 

acidic tumor microenvironment, minimizing systemic side 

effects. For example, doxorubicin-loaded kaolinite exhibits 

increased drug release at pH 5.5, which is typical of tumor 

tissues, compared to neutral pH conditions [19]. Besides, 

kaolinite has approved to contribute in photothermal and 

photodynamic therapy. Magnetic or fluorescent kaolinite 

composites support simultaneous imaging (Magnetic 

Resonance Imaging (MRI), fluorescence) and therapy 

ushering in the era of theranostics. For instance, Mn₃O₄-

modified kaolinite composites have been used for drug 

delivery that depends on magnetic resonance imaging 

(MRI)-guided. This allows a real-time monitoring of 

treatment efficacy [19]. 

     So, in this research, we aim to testify the ability of nano 

to affect the ability of colorectal cancer cells to proliferate, 

thus its ability to continue as a cancerous threat by hindering 

its main characteristics, uncontrollable growth and 

proliferation. 

 

2.   Materials and Methods 
 

      A high-quality raw kaolin sample with industrial and 

commercial value was chosen from West Central Sinai, 

Egypt. It is collected from Abu Zenima deposit, ant it is given 

the code K3 (Awad et al., 2017). Prior to Kaolin purification, 

raw kaolin is prepared by unifying its particles sizes. To 

obtain a smaller particle size, the sample was grinded, and 

then sieved to get the finest particle sizes in a range below 

125nm using 0.125mm pores sieve. Then, it was washed 

using deionized water and 70% ethanol relatively, and then 

dried on 70℃ for 30 min. To get red oh hematite, a 

mechanical stirring at a 100°C as a constant temp was done 

for a water slurry of kaolin. 

 

2.1. Purification of Kaolin 
 

      A 500 ml of 0.5 M oxalic acid solution were added to the 

flask containing the slurry and the temperature was set to the 

desired value. All leaching tests were made at atmospheric 

pressure. A mixture of kaolinite in dist.H2O with Sodium 

Carbonate Na2CO3, and sodium lauryl sulphate 

NaC12H25SO4 were stirred using the mechanical stirrer, then 

the mix was let to separate into two phases, liquid phase 

representing suspension and the mixture containing the wet 

purified kaolinite. Suspension was centrifuged to get colloid 

kaolinite, and then was dried on 70°C. 

 

2.2. Preparation of nanokaolinite 
 

      Purified nanokaolinite is heated in oven in a heating cycle 

up to 400 for 40 °C min as the temperature was rose by 

10°C/min, and then to cool by the same criteria. The resulted 

nano sheets were washed using dist.H2O by sonicator for 10 

min to make sure of size reduction process, and then by 

magnetic stirrer for 15 min on a slow velocity, then samples 

were centrifuged and dried at 70 °C over night, and then were 

kept at refrigerator to be analyzed and stored. 

 

2.3. Characterization of nanokaolinite 
 

2.3.1.  Fourier Transform Infrared (FTIR) 
 

      FT-IR spectroscopy is used to visualize the variability 

and orientations of hydroxyl groups based on the structural 

disorder specifically on the external basal plane surfaces of 

the pure kaolinite [16]. This is conducted using a 

PerkinElmer Spectrum IR Spectrometer with Spectrum IR 

Version 10.6.2 (Thermo Scientific, Waltham, MA, USA) FT-

IR spectrometer. The transmittance peaks were recorded in 

the 450–4000 cm-1 frequency range. 
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2.3.2.  X-ray Fluorescence Spectroscopy (XRF) 
 

X-ray fluorescence (XRF) technique is employed to 

analyze the mineralogical and chemical constituents of the 

purified kaolinite powder as well as the raw kaolin [16]. 

This is conducted using Niton™ XL2 XRF Analyzer. 

 

2.4. Biological Toxicity of nanokaolinite. 
 

2.4.1. Cell viability assay (MTT Assay) 
 

      The cytotoxic potential of kaolinite against the Caco-2 

colorectal cancer cell line was assessed using the 3-(4,5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT) colorimetric assay, which evaluates cell viability by 

measuring the metabolic reduction of the yellow tetrazolium 

salt (MTT) to insoluble purple formazan crystals by 

NAD(P)H-dependent oxidoreductase enzymes in viable 

cells. The intensity of the resulting color, is quantified by 

absorbance at 570 nm, is directly proportional to the number 

of active cells [22]. Caco-2 colorectal cancer cell line is 

seeded by 1 × 10⁵ cells/ml into 96-well plates, incubated for 

24 hours at 37°C to allow the formation of a confluent 

monolayer. After washing, test samples were prepared in 

RPMI medium containing 2% serum and added to designated 

wells, while control wells received only maintenance 

medium. The morphological indicators of cytotoxicity, 

including cell roundness, shrinkage, granulation, and 

monolayer disruption were observed after the application of 

treatment. Then, 20 µl of 5 mg/ml, in Phosphate-Buffered 

Saline (PBS) (BIO BASIC CANADA INC), MTT solution 

was added to each well, then plates were shaken for 5 minutes 

at 150 rpm, then incubated for 4 hours at 37°C in a 5% CO₂. 

After incubation, the medium was removed, and the resulting 

formazan crystals were solubilized in 200 µl of dimethyl 

sulfoxide (DMSO). Absorbance was measured at 560 nm 

with background subtraction at 620 nm. The viability of 

treated Caco-2 cells was calculated relatively to the untreated 

cells. 

 

3.   Results 
 

3.1. Fourier Transform Infrared (FTIR) 
 

      The results in figure (1) represent FTIR spectroscopy 

peak positions (in cm⁻¹) and their corresponding 

transmittance (%T). 3685.54cm⁻¹ (81.71%T) and 

3619.70cm⁻¹ (85.32%T), these are typical of stretching 

vibrations of surface hydroxyl (–OH) groups. Si–O 

stretching (1115, 1004, and 787–750cm⁻¹), and Al–OH/Si–

O bending (911cm⁻¹).  

 

3.2. X-ray Fluorescence Spectroscopy (XRF) 
 

      The results of XRF chemical analysis of nanokaolinite, 

which are illustrated in table (1), revealed a change between 

raw and purified kaolinite regarding the Wt% of major 

oxides. 

 
 

   
 
Figure 1: FTIR results of nanokaolinite. 

 

Table1: Chemical composition of the raw and purified kaolinite 

samples determined by XRF analysis. 

 

  3.3. Cell viability assay (MTT) 
 

 
Figure 2: Effect of different concentrations of nanokaolinite on 

Major Oxides 

(Wt %) 

Raw Kao In 

Literature 

Pure Kao 

in 

Literature 

Raw 

Kao K3 

Pure 

Kao K3 

SiO2 46.98 47.04 63.27 46.62 

Al2O3 35.28 36.01 31.89 34.32 

TiO2 1.2 1.3 6.49 12.57 

Fe2O3 0.54 0.52 2.9 2.13 

MnO <0.01 -- -- -- 

MgO 0.18 0.14 -- -- 

CaO 0.04 0.04 -- -- 

Na2O 0.26 0.46 -- -- 

K2O 0.44 0.49 -- -- 

P2O5 0.05 0.06 -- -- 

SO3 0.01 0.06 0.002 -- 
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Caco-2 cells. 

      The findings revealed that when colorectal 

adenocarcinoma cells of Caco-2 cell line were treated with 

31.25, 62.5, 125, 250, 500 and 1000 µg/ml of nanokaolinite. 

The 100% cell proliferation was significantly reduced in a 

dose- dependent manner to 99.9%, 79.6%, 31.8%, 7.7%, 6.7 

%, and 5.6% respectively as in figure (2), to get 100.82µg/ml 

as the IC50 value as indicated in figure (3).  
 

 
 

Figure 3: Effect of different concentrations of on Caco-2 cells, and 

the IC50 value. 

 
 

4.   Discussion 
 

      Colorectal cancer (CRC) represents as one of the leading 

causes of morbidity and mortality of cancer cases worldwide. 

Also, Caco-2 colorectal cancer cell line represents a partially 

chemotherapy resistant cancer cells depending on the 

combination or the form of treatment delivery as the 

treatment efficacy may need a carrier to achieve its mission 

[23]. Researchers have enhanced kaolinite therapeutic 

potential by developing nanokaolinite to offer improved drug 

loading, pH-responsive release, and synergistic anticancer 

effects [17]. 

In FTIR, the stretching vibrations of surface hydroxyl (–OH) 

groups likely from structural or adsorbed water. Such peaks 

are common in minerals like kaolinite or other clays. Si–O 

stretching and Al–OH/Si–O bending, all confirm this is a 

layered silicate, such as kaolinite. The findings of FTIR are 

supported with XRF results showed that the ratio or Wt% of 

SiO2 and Al2O3, with presence of iron and L.O.I in each 

sample [24].  

      The MTT experiment findings describes the cytotoxic 

impact of nanokaolinite. The results were so promising 

regarding the toxicity of nanokaolinite toward colorectal 

cancer cells represented in Caco-2 cell line. The control 

untreated sample is 100% viability, while there is a great 

decrease in cell viability with different concentrations of pure 

kaolin recording IC50 values (as 50% of cells are died) at 

100.82µg/ml. These findings reveal the strong effect of 

kaolinite on the main key element that specialize cancer cells, 

which is up normal proliferation [17]. In front of such results, 

besides knowing the kaolinite's biocompatibility and low 

toxicity profile [18,19], these evidences demonstrate that 

nanokaolinite can be great candidate in the treatment and 

controlling cancers [25], specifically colon cancer.  

 

Conclusion 
 

      According to the discussed findings, the clear toxicity of 

nanokaolinite toward colorectal cancer cells is illustrated, 

which supports the further research on the promising ability 

of nanokaolinite toward colorectal cancer cells, not only as 

drug carriers as previously mentioned in previous researches, 

but also as a drug itself. Further research is needed to 

understand the mechanism of the effect of nanokaolinite on 

colorectal cancer cells on the molecular level. 
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