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Abstract 
Medicinal plants are moving from margin to classic use with a more number of people looking for treatment and 
health approaches free from effects caused by pandemic diseases. The pharmacological properties and healing 
effects of Matura tea tree and its secondary metabolites investigations verify its importance as an appreciated 
healing plant. Currently ailments rise in an alarming rate and it is a must to synthesize new medicine inorder to 
kill the pathogenic bacteria and virus. Cancer is also a deadly carcinogenic disease, which has been very 
common in the society. So inorder to overcome these ailments we have to create new drugs. The aim of this 
study is to identify new inhibitory agents in an era when carcinogenic cells continue to encounter human 
healthiness and the availability of new anticancer compounds is limited. Our results indicated that organo 
modified bentonite using Matura tea tree can act as anticancer agents. Accepting the anticancer mechanism of 
organo modified bentonite using Matura tea tree can lead to their safe use or design of new antibiotic products. 
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Introduction 
Clay is a type of fine-grained natural soil material containing clay minerals. Clays develop plasticity when wet, 
due to a molecular film of water surrounding the clay particles, but become hard, brittle and non–plastic upon 
drying or firing (Bergaya et al., 2006; Boggs and Sam, 2006; Boylu and Feridun, 2011) [2, 3, 4]. Most pure clay 
minerals are white or lightcoloured, but natural clays show a variety of colours from impurities, such as a reddish 
or brownish colour from small amounts of iron oxide (Breuer and Stephen, 2012; Churchman et al., 2006) [5, 6]. 
Clay minerals are the characteristics minerals on the earth found near planetary surface (the surface where the 
outer crust of the object comes in contact with atmosphere) environment with variable amount of ions like iron, 
magnesium, alkali metals, alkaline earth metals and other cations. They are considered as important constituents 
of soil and form by digenetic and hydrothermal alteration of rocks in presence of water. They are commonly 
found in fine grained sedimentary rocks such as shale, mudstone and siltstone. Clay minerals act as “chemical 
sponges” as they have capacity to hold water and dissolved plant nutrients eroded from other minerals due to the 
presence of some unbalanced electrical charge on their surface. As water is essential for clay minerals formation, 
therefore, most of the clay minerals are known as hydrous alumina silicate or hydrous aluminium phyllosilicate 
(Tong, 2000; Hillier, 2003) [28, 17]. 
The formation of clay minerals is due to the chemical weathering of rock. The chemical and structural 
composition of clay minerals is found to be similar to the primary minerals which originate from the crust of 
earth mainly from igneous or metamorphic rocks. Transformations may occur in ambient conditions. Although 
some of the most resistant primary minerals such as quartz, micas and feldspar may remain in soils whereas 
other less resistant primary minerals (pyroxenes, amphiboles) are susceptible to breakdown by weathering, thus 
forming secondary minerals. The resultant secondary minerals are the formed due to either modification of the 
primary mineral structure (incongruent reaction) or neoformation through precipitation or recrystallization of 
dissolved constituents of primary minerals into a more stable structure (congruent reaction). These secondary 
minerals are most probably defined as phyllosilicates because, as the name suggest (Greek: phyllon, leaf), they 
exhibit a platy or flaky structure with irregular edges; while one of their most important basic structural units is 
an extended SiO4tetrahedra sheet. As the clay minerals are most important component of the soil, they are 
usually ultra-fined particles having less than 2 μm sized particles.  
Clay minerals may be divided into four major groups; these include the kaolinite group, the 
montmorillonite/smectite group, illite group and the chlorite group. The kaolinite group has three members, 
including kaolinite, dickite, and nacrite, each with a formula ofAl2Si2O5(OH)4. Montmorillonite, talc, 
pyrophyllite, Saponite, and nontronite are a few members of the larger smectiteclay group.  The general formula 
for the chemical structure of this group is (Ca, Na, H) (Al, Mg, Fe, Zn)2 (Si, Al)4O10(OH)2XH2O. The illite group 
is represented by the mineral, illite, the only common clay type. The general formula is (K,H) Al2(Si, 
Al)4O10(OH)2XH2O (Faheemuddin, 2008) [14]. 
Bentonite is one of the clay minerals that possess interlayer of silica and alumina. The formula for bentonite clay 
is Al2H2O12Si4. It is naturally formed from volcanic ash weathering in the presence of water. It can be used 
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without any modification or can be modified using certain physiochemical treatments based on their 
applications. It is mainly used in structural polymers, ceramic bodies, drilling fluids, and also in adsorption 
catalytic processes. The incorporation of any molecules within the nanoclay system does not affect the nature of 
the molecules. When it is modified by the addition of any plant alkaloids, it is known as organobentonite. This 
incorporation occurs by different molecular interactions such as hydrogen bonding, ion exchange, and dipole 
interaction (Anand and Jeslin, 2018) [1]. Bentonite is an aluminium phyllosilicate generated frequently from the 
alteration of volcanic ash, consisting predominantly of smectite minerals, mostly montmorillonite (James et al, 
2008; Asad et al, 2013) [18, 10]. 
Structure of clay particles is perceived in layers where each layer is composed of two types of structural sheets: 
octahedral and tetrahedral. The layers present in MMT are composed of a 2:1 structure i.e. two tetrahedral silica 
sheets sandwiching a central octahedral alumina sheet. Due to an isomorphic substitution within the layers (e.g. 
Al3+ for Si4 in the tetrahedral sheet and Fe2+ or Mg2+ for Al3+ in the octahedral sheet) the clay layers have 
negative crystal charge which is balanced by exchangeable cations such as Na+, K+, Ca2+ in the interlayer 
together with water molecules bonded by ion-dipole forces. The hydration of these inorganic cations causes the 
clay mineral surface to be hydrophilic. (Xi et al., 2007; Banik et al., 2015; Rodriguez et al., 2015) [29, 7]. 
Medicinal plants are the “backbone” of traditional medicines (Farnswoth, 1994).  The World Health 
Organization (WHO) reported that 4 billion people (80% of the world’s population) use herbal medicines for 
some aspect of primary healthcare (Mukherjee, 2002; Bandaranayake, 2006; Bodeker et al., 2005) [21, 8]. In rural 
areas of the developing countries they continue to be used as the primary source of medicine (Chitme et al., 
2003) [12]. These medicinal plants are considered as a rich respurce of ingredients which can be used in synthesis 
and drug development.  Sennaauriculata (L.)Roxbis a native plant found in India and belongs to family 
Fabaceae.  Its synonym is Cassia auriculata L and commonly known by other names as avaramsenna, matura 
tea, styptic weed or tanner’s cassia (Lim, 2013) [19].  In Tamil, it is called as avaram tree.  It is distributed 
throughout hot deciduous forests of India.  It is available in dry regions of Madhya Pradesh, Tamilnadu, 
Rajasthan and other parts of India (Guruprasad and Reddy, 2016) [16, 42]. The plant possessed antipyretic, (Rao 
and Vedavathy, 1991) [25] hepatoprotective, anti-peroxidative, anti-hyperglycemic (Pari and Latha, 2003) [23] and 
microbicide activity. 
 

 
 

Fig 1: Matura tea tree 
 
Pharmacological activities of matura tea tree 
Anti-inflammatory activity 
Methanolic extract of the Cassia species leaves was investigated against carrageenin, histamine, serotonin and 
dextran induced rat hind paw oedema. It exhibited significant anti-inflammatory activity against all these agents 
(Maitya et al., 1997). 
 
Antibacterial activity 
De-alcoholized extract of Cassia species seeds inhibited the growth of Micrococcus pyogenesvar, Micrococcus 
citreus, Cornebacterium diphtheria, Bacillus megatherium, Salmonella typhosa, Salmonella paratyphi, 
Salmonella schottmuelleri and Excherichia coli (Singh and Khan, 1990). 
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Antifungal activity 
The leaf extract has shown the significant antifungal activity to inhibit the growth of Candida albicans, 
Aspergillusniger, Sachharomycescerevisiae and Trichophytonmentagrophyte (Lemli and Cuveela, 1975).  It 
shows antifungal activity due to chrysophenol and crysophanic acie-9- anthrone and other authraquinones such 
as emodine, physcion and rhein (Mukharjee et al., 1996; Acharya and Charrerjee, 1974). 
 
Antioxidant activity 
The methanolic extract of Cassia species seeds shows stronger antioxidant activity. It was found that it exhibits 
stronger antioxidant activity as compared to Alphatocopherol (Chakrabarty and Chawla, 1983). The phenolic 
active component, alaternin and non-rubrofusaringlucoside isolated from extract of Cassia species also showed a 
potent free radical scavenging activity. 
 
Applications of matura tea tree 
It is used as tonic, carminative and stimulant.  Its leaves, seeds, and roots are used medicinally, primarily in Asia.  
It is believed to possess a laxative effect, as well as to be beneficial for the eyes.  As a folk remedy, the seeds are 
often roasted, then boiled in water to produce a tea.  Roasted seeds have also been used as a substitute for coffee. 
According to ayurveda the leaves and seeds are laxative, antiperiodic, anthelmintic, ophthalmic, liver tonic, 
cardio-tonic, expectorant, leprosy, ringworm, flatulence, colic, dyspepsia, constipation, cough, bronchitis 
(Shibata et al., 1969). 
 
Materials and Methods 
Materials  
Bentonite clay were obtained from Indian clays limited, Thiruvananthapuram. Matura tea tree were collected 
from our area. 
 
Methods 
Anticancer assay by MTT assay 
SKMEL (2500 cells/well) were seeded on 96 well plates and allowed to acclimatize to the culture conditions 
such as 37 °C and 5% CO2 environment in the incubator for 24 h. The test samples were prepared in DMEM 
media (100 mg/mL) and filter sterilized using 0.2 µm Millipore syringe filter. The samples were further diluted 
in DMEM media and added to the wells containing cultured cells at final concentrations of 6.25, 12.5, 25, 50, 
100 µg/mL respectively. Untreated wells were kept as control. All the experiments were done in triplicate and 
average values were taken in order to minimize errors. After treatment with the test samples the plates were 
further incubated for 24 h. After incubation period, the media from the wells were aspirated and discarded. 100 
µL of 0.5 mg/mL MTT solution in PBS was added to the wells. The plates were further incubated for 2 h for the 
development of formazan crystals. The supernatant was removed and 100 μL DMSO (100%) were added per 
well. The absorbance at 570 nm was measured with micro plate reader. Two wells per plate without cells served 
as blank. All experiments were done in triplicates. The cell viability was expressed using the following formula: 
 

 
 
The IC50 value is the half maximal inhibitory concentration of the sample. The IC50 values were calculated using 
the equation for slope (y = mx + C) obtained by plotting the average absorbance of the different concentrations 
of the test sample (6.25-100 µg/mL) in Microsoft Excel. 
 
Results and Discussion 
In vitro cytotoxic assay of modified bentonite clay using Matura tea tree 
The capability of cells were calculated by direct observation of cells by Inverted phase contrast microscope and 
followed by MTT assay method. To study the cytotoxic effect of the modified bentonite clay using matura tea 
tree against normal hypotetraploid human cell line, MTT assay was performed.  
 

Table 1: Morphology of the cell showing the effect of B-AS 
 

Sample  Concentration (µg/mL) Percentage Viability 
Positive Control 98.4345 

6.25 94.69421 
12.5 86.10774 
25 73.22803 
50 62.94046 
100 48.80518 
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B-AS –Bentonite clay using matura tea tree 
 

 
 

Fig 1: Cytotoxicity detection by MTT assay 
 

 
 

Fig 2: Morphology of the cell showing the effect of B-AS 
 
From the above figure it was detected that no significant cytotoxic effect was observed in the normal 
hypotetraploid human cells cell line at the highest concentration (100ml) of the derivative that significantly 
affected the cancer cells.  The morphology of the cell shows that the effect of bentonite clay using matura tea 
tree is moderately high when the concentration increases. Sample at various concentrations was added to check 
the cell capability. Dose dependent reduction in cell viability was observed in hypotetraploid human cells 
administered with different concentrations of the sample, B-AS. The IC 50 was observed with 89.67 µg/ml 
concentration of this sample. The modified clay using matura tea tree was taken for further anticancer effect on 
L6 cell line. 
 
In vitro anticancer assay of modified bentonite clay using Matura tea tree 
The MTT in vitro cell proliferation assay is one of the most commonly used study for assessing initial anticancer 
activity of bentonite clay using matura tea tree.  Stain is used to detect the chromatin condensation and 
decreasing cell viability appeared in a dose dependent and time dependent manner.  
 

Table 2: Anticancer activity of BC-AS against L6 cell line 
 

Sample  Concentration (µg/mL) Percentage Viability 
Positive 99.59054 

6.25 99.09008 
12.5 98.77161 
25 98.31665 
50 98.13467 

100 99.59054 
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Fig 3: Morphology of the cell showing the effect of B-AS 
 
In the present analysis, the colorimetric based assay is performed on a wide range of L6 rat myoblast cell lines. 
The modified bentonite clay using matura tea tree was the sample used to study the anti-proliferative potential 
against L6 cell line.  The sample was found to cause no significant reduction in cell viability. This indicates that 
the sample is not cytotoxic to the normal cells. 
 
Conclusion 
The modified bentonite clay using Matura tea tree was subjected to anticancer assay because of its high 
antioxidant activity. The modified bentonite clay using Matura tea tree was found to cause no significant 
reduction in cell viability. This indicates that the clay mineral is not cytotoxic to the normal cells. 
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