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ABSTRACT 
 
 
Calotropis procera, a plant from Apocynaceae family has been shown to have anticancer properties in several studies. 

This plant is found in tropical Africa and several parts of Asia. Using methanol extraction method, we characterized the 

extracts of leaves of Calotropis procera using FTIR and UV-VIS spectrophotometry. The extracts obtained from C. 

procera leaves were investigated for its anticancer ability against a breast cancer cell line T47D (ATCC® HTB133™).  

We carried out a colorimetric assay known as MTT assay using dye compound 3-(4, 5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide for assessing cell metabolic activity. This study suggests that methanolic fraction of C. 

procera extracts proved effective against the proliferation of breast cancer cell line T47D. With our results, we can 

impart positive emphasis on the importance of metabolic fraction of leaves of C. procera in inhibiting the cell 

proliferation of cancer cells. 

 

 

INTRODUCTION 

 

Of all cancers, breast cancer is associated with one of the leading causes of death 

among women in the world [1]. Though there are several factors such as 

environmental, life style or genetic factors which induce breast cancer in 

women, the major factor responsible for breast cancer is genetic aberrations in 

interleukin-18, p53, BRCA1 and BRCA2 genes as reported [2,3,4]. 

Environmental factors include exposure to toxic chemicals like polycyclic 

aromatic hydrocarbons (PAHs) from burning solid fuels, tobacco smoking, 

indoor pollution through cooking and several other pollutions causing agents [5]. 

On the other hand, life style choices including alcohol consumption, excessive 

fried foods, tight clothing and obesity also play an important role in increased 

incidences [6]. Due to advancement in research and technology, the breast 

cancer detection techniques like mammography and ultrasonography improved 

the early detection rate of cancers among women. Moreover, improvements in 

treatment regimens have reduced the mortality rate significantly over a couple of 

decades. 
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The necessity for the development of new therapies for advanced stage disease 

stems from the fact that current treatments are not very efficient for advanced 

stages of metastatic breast cancer [7]. Over a course of decades in research, 

scientists have observed that most of the chemically formulated drugs, though 

very effective, tend to have significant side effects, while compounds extracted 

from natural products seem to have equal and more potent effect on disease with 

a lesser incidence of side effects. This led to increase in the discovery of anti-

microbial natural products against multiple infections. Additionally, researchers 

are also facing problems with the drug resistance, which is also circumvented by 

discovery of natural compounds that are effective against multidrug resistant 

organisms.  

By isolating and identifying the natural compounds having a broad spectrum of 

effectiveness against several pathogens, it would be rather possible to overcome 

the risks posed by multidrug resistant pathogens. Calotropis procera, a traditional 

medicinal plant from Apocynaceae family has been the focus of investigation in 

several laboratories to identify compounds having antibacterial, anti-fungal or 

anti-microbial activity in general against multidrug resistant microbes [8,14]. 

Knowing Calotropis procera has anti-microbial activity, we wanted to 

investigate how effective the plant extract would be with cancer cells. Previous 

work from our lab has shown the published data that Calotropis procera does 

indeed inhibit the bacterial growth as well as has a positive inhibition effect on 

proliferation of certain cancer cells. In this study, we are aiming to use 

Calotropis procera leaf extracts to investigate its anti-cancerous activity on the 

more aggressive breast cancer cell line.  
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Researchers nowadays are more interested in chemical compounds that imparts 

near to negligible side effects, which is why several medicinal plants are used to 

extract compounds having documented anti-cancerous properties [9,10,11]. An 

epidemiological study carried out in 2009 suggested that anti-oxidants present in 

several natural medicinal plants could help improve or in several cases, prevent 

cancer progression [12,13]. Calotropis procera is one such medicinal plant 

which has been used traditionally against various diseases over several years 

[15]. C. procera bark and leaf extractions have been extensively used for 

bronchial infections, moreover, a study also shows wound healing ability in 

diabetes patients as well [16,17]. Calotropis procera plant is one of the versatile 

medicinal plants, apart from its leaf and bark, the extracts from aerial parts from 

this plant have often been used for treating fever, joint pain, constipation and 

muscular spasm in Saudi Arabia. 

Different methods of extraction using different solvents would give different 

bioactive molecule or same bio-molecule with different concentration. In that 

context, Ethanolic extraction from Calotropis procera has been shown to have 

association with antipyretic, analgesic, antibacterial, anti-inflammatory and 

purgative activities [18,19], while as ethanolic extract of roots has been 

investigated for antifertility in albino rats [28]. On the other hand, fractions 

obtained using other solvents such as chloroform; n-butanol, ethyl acetate and n-

hexane have substantial anti-inflammatory activity [20]. Latex present in C. 

procera has been shown to have proteins like laticifer and osmotin which are 

shown to have anti-fungal, anti-mycoplasmal, anti-inflammatory, insecticidal, 

larvicidal, antioxidant, and anticancer activities [21, 22, 23, 24, 25, 26, 27]. In 

this study, we investigated the anticancer potential of C. procera leaf extract 

against T47D which is p53 mutant, a more aggressive breast cancer cell line than 

MCF7 with p53 wild type. 

 

MATERIALS AND METHODS 

 

Extraction: 

 

Leaves of Calotropis procera were procured from the outskirts of Jeddah region, 

Saudi Arabia. Leaves were shade dried for three days at first and then grounded 

in laboratory blender. 1 kg of powdered leaves were soaked with 9 liters of 90% 

methanol to obtain 33.59 gms of extracted compound by subjecting leaves to 

methanolic extraction using soxhlet apparatus as explained below. The Soxhlet 

Extractor apparatus majorly consists of three main sections: 

 

Percolator: 

 

The part of apparatus used to boil the solvent (in round bottom flask) and reflux 

(standard Soxhlet apparatus for reflux) the solvent so that it circulates during the 

process. A thimble is usually made of cellulose like a thick filter paper which 

retains the solid to be extracted for the given compound. And a siphon 

mechanism, which periodically empties the thimble and pours the solvent back 

into the round bottom flask of percolator. Initially the solvent methanol is 

warmed to reflux. The solvent vapor goes up the refining arm, and due to 

presence of chilled water flowing through condenser, condenses the solvent and 

warm solvent gets added to dried leaves in thimble. The condenser guarantees 

that all solvent vapours cool, and dribbles down into the thimble chamber 

without loss of any solvent to vaporization. The chamber containing the thimble 

with Calotropis procera dried grounded leaves gradually mixes with warm 

dissolvable solvent. A portion of the coveted compound breaks up in the warm 

solvent. At the point when the Soxhlet chamber is full, the chamber is purged by 

the siphon. The methanol along with the extracted compound comes back to the 

round bottom flask. 

 

 

The thimble guarantees that the fast movement of the solvent does not transport 

any substantial solid material to the still pot. Now, the round bottom flask 

contains methanol and some extracted compound from Calotropis procera 

leaves. The solvent is heated again, and the process explained above is repeated 

several times, preferably overnight. After numerous cycles, the coveted 

compound is amassed in the bottom flask. The benefit of this framework is that 

rather than various bits of warm methanol being gone through the cycle, only the 

initial amount of methanol is reused. After extraction, the methanol is 

evaporated by rotating evaporator, yielding the desired extracted compound. The 

non-dissolvable bit of the leaves stays in the thimble and is disposed of. 

 

UV-VIS and FTIR Spectroscopic Analysis 

 
The Total extract obtained was analyzed using UV-VIS and FTIR Spectro-

photometer for proximal analysis as shown in Figure 3.2. The Sample was 

diluted 1:10 in DMSO and scanned at 200-1100 nm for UV-VIS analysis. 

Afterwards, to observe peaks and their corresponding functional groups FTIR 

analysis was performed on the same samples using ATR technique of the 

Thermoscientific ATR-FTIR instrument. 

 

Cell Culture 

 
Breast cancer cell line T47D was obtained from King Fahd Medical Research 

Center, King Abdulaziz University, Jeddah, Saudi Arabia. Cell lines were 

cultured in DMEM (high) with 10 % FBS and 1 % PS at 37oC. Cell lines were 

constantly monitored and passages were given every time cells would reach 60% 

confluence to keep them from overcrowding. 

 

Cytotoxicity assay 

 

Cytotoxicity assay was carried out by performing MTT assay. T47D cells were 

seeded in a manner of 5000 cells/ well in 96 well plates and incubated for 16 

hours at 37 oC, 5% CO2 incubator. After 16 hours of incubation, when cells 

have adhered properly, 5, 10 and 25 μl / ml of C. procera total extract was added 

to each well and incubated for further 48 hours. Subsequently, the media was 

removed and replenished with 100μl of fresh media. Cytotoxicity assay was 

performed according to the manufacturer’s instructions. Briefly, each well was 

incubated with 10μl of MTT solution for 4 hours. Latter 50 μl of DMSO was 

added and the plates were further incubated for 10 min, afterwards absorbance 

was checked at 540nm using a microplate reader. 

 

Giemsa Staining for detection of morphological features 

 
Morphological features like blebbing, shrinking or nuclear condensation was 

studied using Giemsa staining. 2×105 cells were seeded into a 6 well plate and 

treated with C. Procera extract for 48 hours. Cells were fixed using methanol 

(75%) for 10 minutes at room temperature. Geimsa stain diluted with phosphate 

buffer was used to stain the cells and were checked under the microscope (40x). 

In order to access the apoptotic cell death, at least 1×103 cells were counted. 

 

Statistical analysis 

 
Data obtained were represented as a mean ± standard error. One-way ANOVA 

was used to measure significance with p < 0.05 considered significant. The 

ANOVA test is a way to find out if experimental results are significant. In other 

words, it helps to figure out if we need to reject the null hypothesis or accept the 

alternate hypothesis.  
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Basically, it is testing groups to see if there is a difference between them. One-

way refers to the number of independent variables (IVs) in our Analysis of 

Variance test. 

 

RESULTS AND DISCUSSION 

 
C. porcera total extract characterization 

  

FTIR Spectroscopy also known as Fourier Transform Infrared Spectroscopy is 

an analytical technique used to identify organic, polymeric, and, in some cases, 

inorganic materials. FTIR was carried out [34] as explained in (Alzahrani et al 

2017), data not shown. While as Figure 1 shows UV-VIS spectrum of Calotropis 

procera extract. In the UV region, a cut-off of the signals was observed, which 

might be due to the usage of high concentration of the extract. A single 

absorption peak at 650nm was the indication of the presence of a conjugated 

alkene (any of the series of unsaturated hydrocarbons containing a double bond, 

including ethylene and propene) in the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cytotoxicity of C. procera extract to Breast Cancer cells 

 

We carried out MTT assay to evaluate the cytotoxicity of methanolic extract of 

C. procera against T47D breast cancer cell lines. Three different concentration 5, 

10 and 25 µg of total extract of C. procera were used for cytotoxicity assays. 

MTT assay was performed to examine the cytotoxicity of C. procera total 

extracts after 48 h of treatment as shown in Figure 2.1. The number of viable 

cells was found to decrease as the concentration of C. procera extract was 

increased in cancer cell lines. Total extract of C. procera was able to 

significantly reduce cell viability (p < 0.05) by more than 70% as shown in 

Table 1.1 for T47D, respectively. Our results suggest that C. procera extracts 

have considerable impact on inhibition of cancer cell proliferation. 

 

 

 

Morphological changes in cancer cells post C. procera 

extract treatment 

 

Cells treated with C. procera extracts (5, 10, 25 ug) were stained with Giemsa 

and analyzed under microscope.  T47D cells in control formed a monolayer and 

were healthy, whereas, after the treatments with C. procera extract, the cells lost 

their viability. Most of the cells were detached from the plate and morphological 

changes such as cell shrinkage and blebbing were noticed after exposure to 

different doses of C. procera extract as shown in Figure 3.1. The number of 

viable cells was found to decrease as the concentration of C. procera was 

increased. Our results indicate that the methanolic extract of C. procera plays a 

cytotoxic role towards breast cancer cell lines in a dose dependent manner. 

 

 control 5 µg 10 µg 25 µg 

% viability 100 42.25 36.12 25.99 

% viability 100 33.11 27.22 20.10 

% viability 100 22.91 12.45 7.44 

Mean 100 34.79 26.81 14.27 

Std. Dev. 0 8.21 6.51 7.89 

Std. Error 0 4.74 3.76 4.56 

p < 0.05Significance 0.043 

Figure 1. Shows the UV-VIS spectra of Calotropis procera total extract. A single absorption peak at 650 nm was the indication of 

the presence of a conjugated alkene (any of the series of unsaturated hydrocarbons containing a double bond, including ethylene 

and propene) in the sample. 
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Figure 2.1. Cytotoxicity assay shows Bar diagram representing the % of viability of T47D cells after 

treatment. T47D cell line was cultured in 96 well plates at a density of 5x103 cells/well. Plates were incubated 

at 37 for 48 h in CO2 incubator with 0, 5, 10 and 25 μg of C. procera total extract. * denotes significance,  

p < 0.05. 

Figure 3.1. shows T47D cells after treatment with the 5, 10 and 25 μg of C. procera extract demonstrated 

morphological changes such as cell shrinkage, blebbing and detachment of cells indicated by red arrows. The 

images are taken at 20X after staining with Giemsa. 

Table 1.1. Shows the cytotoxicity of C. procera extract at different doses on T47D cell line 

as revealed by MTT assay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 control 5 µg 10 µg 25 µg 

% viability 100 42.25 36.12 25.99 

% viability 100 33.11 27.22 20.10 

% viability 100 22.91 12.45 7.44 

Mean 100 34.79 26.81 14.27 

Std. Dev. 0 8.21 6.51 7.89 

Std. Error 0 4.74 3.76 4.56 

p < 0.05 Significance 0.043 
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DISCUSSION 

 

Numerous studies have established that plant extracts are of great importance in 

anti-cancer research [29, 30]. The promising medicinal plant, C. procera and its 

extracts have been robustly used in several studies over the past few years, 

especially its anticancer potential has been targeting of exploration recently [31, 

32]. One of the studies showed that methanolic extract of C. procera root bark 

displays anticancer potential by inducing apoptosis [33]. Moreover, the latex 

from C. procera has been shown to induce DNA fragmentation in leukemia cells 

[32]. In current study, we investigated the anticancer activity of methanolic leaf 

extract of C. procera by performing MTT assay. The percentage of cell viability 

after 48 h of incubation with total extract was less than 30%, in addition to that, 

cell proliferation was halted significantly. 

 

CONCLUSION 

 

In Recent years, many researchers have spent tremendous amount of time and 

resources in studying the importance of medicinal plants. The pharmacological 

importance of medicinal plants can never be underestimated accounting to their 

easy to handle, high rate of efficacy, affordable by price, clear abundance in 

nature and most important near negligible side effects.  Due to the fact that these 

plants have been used for centuries as remedies against different ailments in the 

traditional medicinal system, research on them makes it more trustworthy, as 

fine tuning the components of each medicinal plant would significantly increase 

their efficacy. Our preliminary data substantiates the importance of the 

methanolic leaf extract of C. procera as an anticancer agent. Its efficacy against 

T47D cell line is commendable and our previous studies have shown it to be a 

good anti-microbial agent as well. However, in order to fully unlock the 

potential of C. procera’s medicinal properties, further, in vivo studies will be 

required to comprehend the mode of action of this medicinally important plant. 

Especially isolating the individual compounds would help in developing 

treatments with fewer side effects which in turn would pave a way for clinical 

development in partnership with pharmaceutical /biotech industry, as per the 

vision 2030 of Kingdom Saudi Arabia. 
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