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A B S T R A C T   

Colorectal cancer is the fourth leading cause of oncological-related deaths and the third most diagnosed ma
lignancy, worldwide. The emergence of chemoresistance is a fundamental drawback of colorectal cancer ther
apies and there is an urgent need for novel plant-derived therapeutics. In this regard, other compounds are 
needed to improve the efficacy of treatment against colorectal cancer. Medicinal plants have been effectively 
used by traditional doctors for decades to treat various ailments with little to no side effects. Drimia calcarata 
(D. calcarata) is one of the plants used by Pedi people in South Africa to treat a plethora of ailments. However, the 
anticancer therapeutic use of D. calcarata is less understood. Thus, this study was aimed at evaluating the po
tential anticancer activities of D. calcarata extracts against human colorectal cancer cells. The phytochemical 
analysis and antioxidant activity were analysed using LC–MS, DPPH, and FRAP. The inhibitory effects and IC50 
values of D. calcarata extracts were determined using the MTT assay. Induction of cellular apoptosis was assessed 
using fluorescence microscopy, the Muse® Cell Analyser, and gene expression analysis by Polymerase Chain 
Reaction (PCR). Water extract (WE) demonstrated high phenolic, tannin, and flavonoid contents than the 
methanol extract (ME). LC–MS data demonstrated strong differences between the ME and WE. Moreover, WE 
showed the best antioxidant activity than ME. The MTT data showed that both ME and WE had no significant 
activity against human embryonic kidney Hek 293 cell line that served as non-cancer control cells. Caco-2 cells 
demonstrated high sensitivity to the ME and demonstrated resistance toward the WE, while HT-29 cells exhibited 
sensitivity to both D. calcarata extracts. The expression of apoptosis regulatory genes assessed by PCR revealed an 
upregulation of p53 by ME, accompanied by downregulation of Bcl-2 and high expression of Bax after treatment 
with curcumin. The Bax gene was undetected in HT-29 cells. The methanol extract induced mitochondrial- 
mediated apoptosis in colorectal Caco-2 and HT-29 cells and WE induced the extrinsic apoptotic pathway in 
HT-29 cells. ME downregulated STAT1, 3, and 5B in HT-29 cells. The D. calcarata bulb extracts, therefore, 
contain potential anticancer agents that can be further targeted for cancer therapeutics.   

1. Introduction 

Colorectal cancer is a standout amongst other comprehended neo
plasms from a genetic perspective [1]. Colorectal cancer results from an 
anomalous development of epithelial cells inside the colon and rectum 
of the large intestines. It is a major public health problem; the fourth 
leading cause of oncological-related deaths and the third most diag
nosed malignancy, worldwide [2,3]. The risk factors that cause colo
rectal cancer include age, overweight, physical inactivity, unhealthy 
diets, alcohol consumption, and smoking [4,5]. Additional risk factors 
include the family history of colorectal cancer, heredity conditions like 

polyposis and hereditary nonpolyposis colorectal cancer, and individual 
history of inflammatory bowel disease, polyps, and other cancers [6,7]. 
Early detection of colorectal cancer early is critical, bearing in mind the 
negative result on survival conferred by spreading cancer [8]. Metastatic 
disease has previously been viewed as fatal, causing massive effects and 
interfering with the physiological condition [9]. However, no predom
inant mutations have been related to metastatic colorectal malignant 
growth [10]. The regular strategies utilised for colorectal cancer treat
ment include surgery, radiotherapy, and chemotherapy [11]. If diag
nosed early via colonoscopy, surgery is often successfully carried out to 
remove the tumour. Thus, colorectal malignant growth can be 
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effectively treated when identified early; however, at a later stage when 
the ailment has spread to different tissues, it becomes an arduous task to 
treat this disease [12]. Late diagnosis can result in a poor prognosis, but 
advanced colorectal cancer can be controlled by chemotherapy and 
radiotherapy [13]. For metastatic colorectal cancer patients, around 75 
% continue to live beyond 1 year, 35 % beyond 3 years, and less than 20 
% beyond 5 years after diagnosis. The prime treatment for unresectable 
metastatic colorectal cancer is a systemic therapy. Clinical trials done in 
the previous five years have proved that modifying treatment to the 
molecular and pathologic features of the tumour enhances overall sur
vival [14], even though the clinical outcomes and treatment responses of 
each patient with colorectal cancer differ greatly [15], the use of stan
dardized treatment possibilities is limited in standard practice [16,17]. 
As a component of first- and second-line combination therapies, oxali
platin is used to treat metastatic colorectal cancer. The response rate has 
significantly improved by more than 50 % and led to a significant in
crease in median survival times [18,19]. Nevertheless, most colorectal 
cancer patients ultimately develop drug resistance, and the five-year 
survival rate for progressive colorectal cancer patients is less than 10 
% [20]. Thus, it is important to irradiate the mechanism of chemo
resistance due to the fact this understanding may also strengthen new 
techniques to overcome drug resistance in colorectal cancer patients. 

The emergence of chemoresistance is a fundamental drawback of 
colorectal cancer therapies and there is an urgent need for novel plant- 
derived therapeutics. In this regard, other compounds are needed to 
increase the efficacy of treatment against colorectal cancer. Natural 
compounds have received increasing attention as potential adjuvant 
therapy against cancer to improve tumour response to treatment. 
However, the efficacy of classic chemotherapeutic agents is reduced by 
the insurgence of chemoresistance. In this context, the search for alter
native therapeutic approaches has received great attention. Above all, 
some bioactive compounds, including gambogic acid isolated from 
Garcinia hanburyi, hinder cell growth, promote apoptosis, and overcome 
drug resistance in colorectal cancer cells [21]. In particular, emerging 
data demonstrate that some natural compounds including S-adeno
sylL-methionine, have the potential to overcome drug resistance in 
colorectal cancer cells devoid of p53 [22]. 

Medicinal plants have been the foundation of traditional remedies 
for decades and continue to grant new prescriptions to humanity [23], 
with little or no side effects [24]. They are rich in bioactive compounds, 
which has led to their exploration for potential anticancer drug leads. 
There is a huge number of medicinal plants that are currently used, 
worldwide, and Drimia calcarata (D. calcarata) is one of the plants used 
by Pedi people in South Africa to treat a plethora of ailments [25]; 
however, its anticancer activities remain poorly understood. Drimia 
species contain a colossal number of natural compounds, which include 
cardiac glycosides, saponins, terpenes, alkaloids, and flavonoids with 
beneficial biological properties that include; antifungal, antiviral, anti
bacterial, anti-inflammatory, antioxidant, and insecticidal [26–28]. It 
has been shown that natural compounds from medicinal plants have 
anticancer activities, and regulate signal transduction pathways, 
modulating proteins that control cell cycle progression and inducing of 
apoptotic pathways [29]. Previously, riparianin was isolated from 
D. calcarata dichloromethane extract and implicated to have anticancer 
activities against breast (MCF-7), renal (TK10) and melanoma 
(UACC62) cancer cells [30]. However, the implicated anticancer activ
ities of riparianin against different cancers were only based on the MTT 
assay, thus the underlying molecular mechanisms remain unclear. Pre
viously, Caco-2 and HT-29 colorectal cancer cells have been subjected to 
various plant extracts. Glycyrrhiza glabra induced apoptosis of HT-29 
cells through down-regulation of HSP90 gene expression [31]. The 
Garcinia mangostana extract exhibited effective cytotoxicity through the 
induction of intrinsic cell death, inhibition of cell movement, cell in
vasion, and clonogenicity. Furthermore, extract promoted the MAP
K/ERK, c-Myc/Max, and p53-mediated pathways [32]. Moreover, 
Origanum vulgare ethanol extract leads to growth arrest and apoptosis 

induction of colorectal Caco-2 cells in a dose- and time-dependent 
manner [33]. 

Many chemotherapeutic drugs result in DNA damage that is picked 
up by p53; the cell would then be able to attempt to patch up the damage 
or initiate cell death. However, when the tumour suppressor gene p53 is 
defective, it becomes more challenging for chemotherapy to be effective 
[34]. The p53 mutant tumours showed a better clinical outcome 
compared to wild-type p53 tumours. Jackson et al. [35] demonstrated 
that the activity of wild-type p53 obstructs chemotherapy effect and 
showed the necessity to re-evaluate the philosophy for p53 in cancer 
therapy. STAT5 and p53 are co-localised in proximal promoters on the 
chromatin at 463 genomic positions and p53 relies on STAT5 activation 
to bind to the chromatin whereas STAT5 does not rely on p53 [36,37]. In 
addition, STAT1 interrelated with p53 and increased apoptosis by DNA 
damage [38]. Furthermore, oncostatin induced apoptotic sensitization 
via p53 and STAT5 collaboration in osteoblasts [39]. Signal transducers 
and activators of transcription (STAT) is a group of transcription factors 
(STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, and STAT6) having a 
significant role in various physiological processes, such as cell differ
entiation, cell survival, or cell development [40,41]. STAT1 plays a role 
as a tumour suppressor gene, while substantial evidence applies that 
STAT3 and STAT5 have appeared to play a role in tumour growth and 
proliferation [42,43]. Regulation of STATs and STAT-linked signalling 
pathways has been detected in diseased states, such as chronic inflam
matory bowel diseases and malignant transformation [44]. STATs might 
signify a novel molecular target for therapeutic interventions [45,46]. 
Although there is enough evidence from phytochemical data supporting 
the anticancer activity of Drimia plants, however, the anticancer thera
peutic use of D. calcarata and the underlying molecular mechanisms 
remain unclear. For this reason, the purpose of this study was to assess 
the potential anticancer activities of D. calcarata extracts against human 
colorectal cancer cells. 

2. Methods and materials 

2.1. Plant collection and verification 

The Drimia calcarata plantwas collected at Phalakwane village, Ga- 
Mphahlele in Limpopo province, South Africa. The plant materials 
were submitted to the University of Limpopo Larry Leach Herbarium for 
identification and verification (voucher specimen number UNIN 
121629). 

2.2. Preparation of the plant extracts 

The D. calcarata bulbs were cleansed, air-dried, and crushed into a 
fine powder. The extraction was carried out using methanol and water 
(1:10 w/v) as previously reported [47]. The samples were filtered into 
pre-weighed beaker glass and air-dried. The dried plant extracts were 
reconstituted in acetone for phytochemical analysis and dime
thylsulphoxide (DMSO) [Sarchem, RSA] for all cell culture-based assays. 

2.3. Phytochemical screening 

The extracts were screened for the presence of tannins, phenols, 
quinones, anthraquinones, steroids, terpenoids, flavonoids, chaconnes, 
anthocyanins, xanthones, flavones, flavonols, alkaloids, carbohydrates, 
cardic glycosides, saponins, proteins, coumarins, phlobatannins and 
leucoanthocyanins turns following the protocol previously reported [47, 
48]. 

2.4. Total phenolic content (TPC) determination 

The TPC amount in acetone dissolved extract was measured using 
Folin-Ciocalteau method, following a protocol previously reported [49]. 
Briefly, 100 μL of the extract and 900 μL of the distilled water were 
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mixed in a 15 mL centrifuge tube. To this concoction, Folin-Ciocalteau 
(FC) reagent (100 μL) was added and left samples at 25 ◦C for 1 h and 
30 min. Following incubation, 7% sodium carbonate (Na2CO3) 
[1000 μL] was added to each sample and adjusted with distilled water to 
2500 μL. Gallic acid was utilised as a standard compound and analysed 
similarly to the experimental samples. The samples were left for 1 h and 
30 min at 25 ◦C and the absorbances were measured at 550 nm using a 
microtitre plate reader (Promega, USA). 

2.5. Total tannin content (TTC) determination 

Folin-Ciocalteau method was chosen to measure the tannin content 
as previously described [50]. A hundred microliters (100 μL) of the 
acetone dissolved extract of different concentrations were added to 
15 mL centrifuge tubes with 2500 μL of distilled water. This was fol
lowed by the addition of 2 M FC reagent (100 μL) and 35 % Na2CO3 
(500 μL) solution to the mixtures. The final volume was adjusted using 
distilled water to 5000 μL and samples were left for 30 min at 25 ◦C. 
Tannic acid was used to prepare standard solutions similar to the 
experimental samples. Absorbances were measured at 725 nm using a 
microtitre plate reader (Promega, USA). 

2.6. Total flavonoid content (TFC) determination 

To measure TFC, the previously described method [51] was utilised. 
Briefly, 100 μL of each concentration, 10 % aluminium chloride 
(100 μL), 1 M potassium acetate (100 μL), and distilled water (2800 μL) 
were mixed and incubated for 30 min at 25 ◦C. Quercetin was employed 
as a standard compound. The absorbance readings were taken using a 
microtitre plate reader (Promega, USA) at 415 nm. 

2.7. Quantitative 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity assay 

Free radical scavenging activities of the D. calcarata methanol extract 
(ME) and water extract (WE) were quantified and compared using the 
DPPH assay, following a protocol previously described [52], with some 
modification. Briefly, 500 μL of different bulb extract concentrations 
were prepared and 1000 μL of 60 μg/mL DPPH (Sigma-Aldrich, USA) 
solution was added. Ascorbic acid served as positive control. The sam
ples were left at 25 ◦C for 30 min in the dark. After the incubation time 
had elapsed, the absorbance readings of the samples were taken at 
517 nm using a microtitre plate reader (Promega, USA) and the formula 
(1) was used to calculate the percentage inhibition. 

%Inhibition =
blank absorbance 517 nm − sample absorbance 517 nm

blank absorbance 517 nm
× 100 (1)  

2.8. Ferric Ion reducing antioxidant power 

The ferric ion reducing antioxidant power (FRAP) of ME and WE was 
determined using following the method previously described [50]. 
Different concentrations of the bulb extracts were prepared using 
acetone. Five hundred microlitres (500 μL) of different concentrations 
were mixed with 500 μL of 0.2 M sodium phosphate buffer (pH 6.6), 
followed by the addition of 500 μL of 1 % potassium ferricyanide and 
vortexed. The mixtures were left for 20 min at 50 ◦C. After incubation, 
400 μL of 10 % trichloroacetic acid was added and centrifuged for 
30 min at 3000 rpm. From the resulting supernatant, 1000 μL was added 
to a new 15 mL centrifuge tube. To each tube, a volume of 5000 μL 
distilled water was added, followed by the addition of 1000 μL of 0.1 % 
ferric chloride. The positive control used for this assay was ascorbic acid. 
The absorbance readings at 700 nm were taken utilizing the Promega 
microtiter plate reader (Promega, USA). The formula (2), below, was 
used to calculate the percentage reducing power. 

%Reducing power = (sample absorbance 700 nm − 1)

×
100

blank absorbance 700 nm
(2)  

2.9. Liquid chromatography-mass spectrometry (LC–MS) analysis 

Four different stock cocktails (ranging from 1 mg/mL) for water 
extract (WE) and methanol extract (ME) were prepared quantitatively to 
enable differentiation of isomers and compounds with comparable 
elemental formulas. Fifty percent methanol in water containing 1% 
formic acid was used to prepare the cocktails. The LC–MS analysis was 
done as previously described [53]. Calibration, calculation, and the rest 
of the settings were done using polyalanine [54]. 

Cell culture and 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenylte
trazolium bromide (MTT) Cytotoxicity Assay 

Cell culture and MTT assay were performed following a method as 
previously reported [55]. Dulbecco’s Modified Eagle Medium (Hyclone, 
USA) containing 10 % fetal bovine serum (Hyclone, USA) and 1% 
antibiotic mixture of Penicillin and Streptomycin (Biowest, USA) was 
used to culture cells in an incubator containing 5% CO2 at 37 ◦C. MTT 
assay was employed to assess the activities of ME and WE. Briefly, 
1 × 103 cells/well were cultured overnight. Following incubation, 
treatment was done using different concentrations 
(15.63− 1000 μg/mL) of D. calcarata extracts, solvent controls (0.25 % 
DMSO and 0.25 % H2O), and positive control (50 μM curcumin) for 24 h. 
Following treatment, the cells in each well plate were subjected to a 
5 mg/mL MTT reagent (10 μL) [ThermoFischer Scientific, USA] and 
incubated in the CO2 incubator for 3 h. After incubation, the formed 
crystals were dissolved by adding 100 μL DMSO and placed in the dark 
for an hour at 25 ◦C. Thereafter, measured the absorbance readings 
using a microtitre plate reader (Promega, USA) at 560 nm. The cell 
viability was calculated using the formula (3). 

Cell viability (%) =
sample abasorbance 560 nm

untreated control absorbance 560 nm
× 100 (3)  

2.10. Morphological examination by fluorescence microscopy 

Cancer cells (2 × 103 cells/well) were cultured plates overnight. 
Followed by treatment with IC50 values of ME and WE, for 24 h. The 
experiment included the following controls: solvent controls (0.25 % 
DMSO and 0.25 % H2O), positive control (50 μM curcumin), and the 
untreated control. Following treatment, the cells were fixed in 3.7 % 
paraformaldehyde for 10 min at 25 ◦C. The cells were then stained using 
1 μg/mL acridine orange/ethidium bromide (AO/EB) [ThermoFischer 
Scientific, USA] and placed in the dark for 15 min at 25 ◦C. The cells 
were then washed with 1 X PBS and morphological features were 
observed under the Eclipse Ti-U fluorescence microscope while images 
were captured using a DSRI-1 camera (Nikon Instruments Inc., USA). 

2.11. Apoptosis assay 

To determine if ME and WE induce apoptosis, Annexin V and Dead 
Cell Kit (Merck-Millipore, Germany) was employed as per the manu
facturer’s protocol. Briefly, 2 × 103 cells/well were seeded. Following 
overnight incubation, 24 h treatment with IC50 values and the controls 
was carried. Following treatment, 1X trypsin was used to detach the 
cells, which was deactivated with a complete medium and centrifuged. 
Following centrifugation, 100 μL DMEM containing 1% FBS was used to 
re-suspend the pellets. The Annexin V and Dead Cell reagent (Merck- 
Millipore, Germany) was added, and samples were left in the dark for 
20 min at 25 ◦C. The Muse® Cell Analyser (Merck-Millipore, Germany) 
was used to analyse the samples. 
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2.12. Caspase 3/7 activation assay 

To further confirm whether ME and WE induced caspase-dependent 
apoptosis, the Muse® caspase3/7 activation Kit (Merck-Millipore, Ger
many) was employed. Briefly, the cells (2 × 103 cells/well) were 
cultured in plates. Following incubation, 24 h treatment with the IC50 s 
and the controls was carried out. The cells were detached from the plate 
using 1X trypsin, which was deactivated in complete medium, followed 
by collection at 300 x g for 5 min using centrifugation. The samples were 
re-suspended in 50 μL of 1X Assay Buffer and 5 μL of Muse® Caspase-3/ 
7 Reagent (Merck-Millipore, Germany). The samples were thoroughly 
mixed by gently pipetting up and down for 5 s. The tube caps were 
loosened and incubated samples for 30 min in the 37 ◦C chamber. After 
incubation, the Muse® Caspase 7-AAD (Merck-Millipore, Germany) 
[150 μL] was added to each tube and placed in the dark at 25 ◦C for 
5 min. The Muse® Cell Analyser (Merck-Millipore, Germany) was used 
to analyse the samples. 

2.13. Polymerase chain reaction (PCR) components 

ZR® RNA MiniPrep Kit (Zymo Research, USA) was used for total 
RNA was extracted, and manufacturer’s instructions were followed. The 
complementary deoxyribonucleic acid (cDNA) was synthesised using 
Promega AMV II Reverse Transcription System (USA). The Emer
aldAmp® GT PCR Kit (Takara Bio, USA) was employed for the ampli
fication of apoptosis-related genes and STAT genes. Amplification using 
different primer sets shown in Table 1 was done using T100™ Thermal 
Cycler (BioRad, USA).. The PCR products were mixed with the novel 
juice (Cat no. LD001-1000) [Celtic Molecular Diagnostic, South Africa]. 
Samples were visualised using 2 % agarose gels which were viewed 
using D-DiGit Gel Scanner (Analytical technology, South Africa). The 
band densities from three independent experiments were measure using 
Image J software. 

2.14. Statistical significance 

GraphPad Prism Version 6.0 was employed for graphical data anal
ysis presented as mean ± standard error of the mean (SEM). The one- 
way ANOVA Tukey Kramer Multiple Comparison Test was used to 
verify the statistical significance. The asterisk (*) (**) and (***) indi
cated p ≤ 0.05, p ≤ 0.01, and p ≤ 0.001, respectively. 

3. Results and discussion 

3.1. Drimia calcarata (D. calcarata) bulb extracts contain different 
phenolic compounds 

Traditional medicine continues to play a very important role within 

primary health care across the globe. Drimia plants are known to contain 
a colossal number of natural compounds, which include cardiac glyco
sides, saponins, terpenes, alkaloids, and flavonoids with significant 
pharmacological properties [26,27,56,57]. Qualitative phytochemical 
screening was done to check the presence of different phytochemical 
groups, which include tannins, phenols, quinones, anthraquinones, 
steroids, terpenoids, flavonoids, chalcones, anthocyanins, xanthones, 
flavones, flavonols, alkaloids, carbohydrates, cardic glycosides, sapo
nins, proteins, coumarins, phlobatannins, and leucoanthocyanins turns 
in the methanol extract (ME) and water extract (WE). As shown in 
Table 2, both D. calcarata extracts contain tannins, phenols, steroids, 
terpenoids, and cardic glycosides. The flavonols, xanthones, flavones, 
and anthraquinones were only present in WE. This suggests that WE 
contained several classes of flavonoids. This group of compounds is 
well-known for its potential antioxidant activity, antitumor, antimicro
bial, and anti-inflammatory health benefits [58–60]. Farnesiferol C, a 
coumarin isolated from Ferula asafoetida displayed an anticancer effect 
on the breast cancer MFC-7 cells [61]. 

Carbohydrates and proteins were only detected in ME. Poly
saccharides are secondary metabolites that exist in abundance in plants 
[62]. Plant polysaccharides displayed wide biological activities, which 
include anticancer [63,64], antioxidant [65], antimicrobial [66], anti
diabetic [67] and wound healing [68] benefits. Various 
tumour-promoting signals contain serine, threonine, or tyrosine phos
phorylation that operates as the main switch for target proteins. In 
non-cancerous cells, phosphoregulation is coordinated by protein ki
nases and phosphatases. Numerous malignancies are classified through 
deviant activation of protein kinases whose action is frequently vital, 
and sometimes enough, to result in cancer [69]. Chalcones, anthocya
nins, phlobatannins, and alkaloids were absent in all the extracts. 

3.2. Total phenolic content (TPC), total tannin content (TTC) and total 
flavonoid content (TFC) 

The concentration of TPC in ME and WE of D. calcarata was evalu
ated. As shown in Fig. 1 and Table A1 (Supplementary data), the linear 
equation of gallic acid was found to be y = 1.6185x +0.0171. The TPC 
in extracts was expressed as gallic acid equivalents and WE was found to 
contain a significantly high TPC of 26.654 ± 0.153 (p < 0.001), 
compared to ME, which contained a TPC of (9.383 ± 0.029). Quercetin 
was used as the positive control. The TTC of each extract was determined 

Table 1 
The primer sequences of apoptosis-related genes and STAT genes.  

Gene Forward Primers Reverse Primer 

p53 5′- 
GTTGCCCAGGCTGGAGTGGAG 
-3′

5′- GGCTGAGACAGGTGGATCGC 
-3′

Bcl-2 5′- GCACCGGGCATCTTCTCCTC- 
3′

5′- CCGAGATGTCCAGCCAGCTG 
-3′

Bax 5′-GGGTGGTTGGGTGAGACTC-3′ 5′- 
AGACACGTAAGGAAACGCATTA- 
3′

STAT1 5′-GCCCCGATGGTCTCATTCCG- 
3′

5′-GTCCTTCAACAGGGCACGCT-3′

STAT3 5′-TGCCTGCGGCATCCTTCTGC- 
3′

5′-ACAGGCGTGAGCCACCATGC-3′

STAT5B 5′-GGATGGGTGCATCGGGGAAG- 
3′

5′-TCTCAGAGGCAGGTGCTGGT-3′

GAPDH AGCTGAACGGGAAGCTCACT TGCTGTAGCCAAATTCGTTG  

Table 2 
The presence/absence of various secondary metabolites in the methanol extract 
(ME) and water extract (WE) of D. calcarata.  

Phytochemicals ME WE 

Tannins + ++

Phenols + ++

Quinones + +

Anthraquinones – +

Steroids + ++

Terpenoids + ++

Flavonoids ++ +

Chalcones – – 
Anthocyanins – – 
Xanthones and flavones – +

Flavonols – +

Alkaloids – – 
Carbohydrates + – 
Cardic glycosides + ++

Saponins + ++

Proteins ++ – 
Coumarins ++ +

Phlobatannins – – 
Leucoanthocyanins turns + ++

Key: (++) Strong intensity reaction. 
(+) Medium intensity reaction. 
(-) Not detected. 
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as tannic acid equivalent using the linear regression from the standard 
curves. The linear equation of tannic acid was found to be y = 0.2061x 
+0.0027. The WE contained a significantly higher (p < 0.001) TTC of 
253.580 ± 4.356 compared to ME which displayed TTC of 
51.306 ± 0.957 (p < 0.001). The results of total tannin content in the 
D. calcarata extracts are displayed in Fig. 1B and Table A2 (Supple
mentary data). The TFC was expressed in terms of quercetin equivalents. 
As shown in Fig. 1C and Table A3, WE showed significantly (p < 0.001) 
higher TFC 971.33 ± 33.198 at 1000 μg/mL than the ME 
866.67 ± 20.667. Epigallocatechin (5547.3 ± 271.64) was used as a 
positive control. Recently, Yadav et al. [70] reported higher TPC in 
D. indica diploid (D11) and D. indica triploid (D12) methanol bulb 
extract than dichloromethane and water extract. TTC was higher in the 
bulb methanol extract of D. razii than other Drimia species while TFC was 
found to be higher in methanol bulb extract than DCM and water 

extracts of D. raogibikei. 

3.3. Quantitative 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and free 
radical antioxidant power (FRAP) 

Studies previously reported the association between antioxidant 
activity, TPC, and TFC in selected medicinal plants [71,72]. As shown in 
Fig. 2, there were significant differences in total antioxidant capacity 
between the D. calcarata methanol extract (ME) and water extract (WE). 
The antioxidant activity of D. calcarata extracts was evaluated using 
both DPPH and FRAP assays. D. calcarata water extract (WE) showed the 
best antioxidant activity in both assays. It exhibited the lowest 
half-maximum effective concentration (EC50) values of 62.50 μg/mL 
and 1000 μg/mL for the DPPH scavenging activity and the ferric 
reducing antioxidant power, respectively. The antioxidant activity of 
WE may be attributed to the Quercetin derivative, Dihydrophaseic acid 
hexoside, and Limonin-17-beta-D-glucoside (1-). These compounds were 
previously reported to have antioxidant activity [73–75]. The EC50 
value for WE was the same as that of ascorbic acid (positive control) in 
the DPPH assay and much higher than that of ascorbic acid in the FRAP 
assay. The ME showed less DPPH scavenging activity and ferric reducing 
antioxidant power with the EC50 values of 2000 μg/mL and 10 
000 μg/mL, respectively. The antioxidant activity of ME can be attrib
uted to compounds such as salvianolic acid A, Isorhamnetin derivative, 
Taxifolin 4′-glucoside, Petunidin 3,5-Di-O-Beta-D-Glucoside, Hydrox
yoleuropein, Oleuropein, and Limonin-17-beta-D-glucoside (1-) [73,74, 
76–78]. Previously, DPPH inhibition was significantly higher in 
dichloromethane and methanol extract than water extract [68]. The 
DPPH inhibition was significantly higher in dichloromethanebulb 
extract of D. coromandeliana followed by dichloromethane bulb extract 
of D. raogibikei [70]. Previously, Rajput et al. [26] reported the highest 
DPPH scavenging activity in bulb extracts of D. coromandeliana. The 

Fig. 1. The total phenolic (A), total tannin (B) and total flavonoid (C) contents 
of the water extract (WE) and methanol extract (ME) represented as gallic acid, 
tannic acid and quercetin equivalents (GAE, TAE and QAE in mg/mL), 
respectively. The differences were found to be statistically significant, (*** 
P < 0.001) compare to the blank control. Quercetin, gallic acid and epi
gallocatechin gallate were used as positive controls, respectively. 

Fig. 2. DPPH scavenging activity (A) and reducing antioxidant power activity 
(B) of D. calcarata water extract (WE) and methanol extract (ME). The differ
ences were found to be statistically significant (*** P < 0.001) compare to the 
blank control. Ascorbic acid was used as positive control. 
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smaller the EC50 value, the stronger the antioxidant activity [56]. 

3.4. Chemical composition of D. calcarata WE and ME by liquid 
chromatography mass spectrometry (LC–MS) 

A high-resolution LC–MS-based approach was used to study the 
phytochemical variations in D. calcarata bulb extracts. As shown in 
Table 3, two compounds were only present in the water extract (Ficus
pirolide and 6β-Acetoxyscillarenin3-Oβ-D-glucoside(1→4)-α-L-rhamno
side) with 4 compounds only present in the methanol extract 
(Isorhamnetin derivative, Taxifolin 4′-glucoside, Scillirubroside/ 
scilliphaeosidin-glucoside and 6β-Acetoxyscillarenin3-Oβ-D-glucoside 
(1→4)-α-L-rhamnoside). These were previously found in other Drimia 
plants. Additionally, for the first time, 9 compounds were identified in 
the D. calcarata water extract, namely; Pantothenate, Quercetin deriv
ative, Dihydrophaseic acid hexoside, Vanillic acid hexoside, 2-hydrox
yethyl 4-acetyl-4-methyl-5-oxohexanoate, Psoralene, Baccatin III, 
Cyanidin 3-O-(6ꞌꞌ acetyl) glucoside, and Limonin-17-beta-D-glucoside(1- 
) and only one compound was unidentified (retention time: 10.8, mo
lecular weight: 351.1276), while 10 new compounds were identified for 
the first time in the methanol D. calcarata, and these are Salvianolic acid 

A, Protocatechuic acid glucoside, Rhamnosyl-di-hexosyl quercetin sul
phate, Dihydrophaseic acid hexoside, Eriodictyol 7-O-glucoside, Petu
nidin 3,5-Di-O-Beta-D-Glucoside, 2-hydroxyethyl 4-acetyl-4-methyl-5- 
oxohexanoate, Hydroxyoleuropein, Oleuropein and Limonin-17-beta-D- 
glucoside and only one unidentified compound (retention time:16.07, 
molecular weight: 685.1863). Dihydrophaseic acid hexoside, 2-hydrox
yethyl 4-acetyl-4-methyl-5-oxohexanoate, Limonin-17-beta-D-glucoside 
(1-) and 6β-Acetoxyscillarenin3-Oβ-D-glucoside (1→4)-α-L-rhamnoside 
were found in both ME and WE. The data showed strong phytochemical 
differences between the bulb solvent extractions. Previously, Moodley 
et al. [30] attributed the activity of D. calcarata to a single compound, 
riparianin (Formula: C33H42O13; Molecular weight = 646.7 g/mol), 
which was identified in the dichloromethane extract. The compound 
was not found in the ME and WE; this might be due to a difference in the 
polarity of the solvents. The obtained chromatograms are shown in 
Fig. A1 (ZM_ Unilim_190917_27) for WE and Fig. S1 (ZM_Uni
lim_190917_26) for ME. Cytotoxicity analysis of Drimia calcarata ex
tracts using the MTT assay 

To determine the safety and potential use of plant extracts as the 
source of therapeutics, it is pivotal to investigate their cytotoxic and 
non-cytotoxic concentrations [105]. Due to an increased number of 

Table 3 
Identification of phenolic compounds from D. calcarata water extract and methanol extract by LC–MS.  

Water Extract 

Compound Retention Time 
(Min) 

M-H M-H 
Formula 

Biological activities Reference Compound 
CID 

Pantothenate 5.81 218.1039 C9H16NO5 Biosynthesis of co-enzyme A [74] 6613 
Ficuspirolide 6.46 240.0503 C13H20O4 Unknown [56,61] 100987513 
Quercetin derivative 6.66 299.0767 C15H10O7 Antioxidant, 

anticancer 
[76,77] 5280343 

Dihydrophaseic acid hexoside 8.62 443.1891 C21H31O10 Antioxidant, 
anticancer 

[78] – 

Vanillic acid 4-Beta-D-Glucoside 10.32 329.0876 C14H18O9 Anticancer [79,80] 14132336 
Unidentified 10.98 351.1276 Unknown Unknown –  
2-hydroxyethyl 4-acetyl-4-methyl-5- 

oxohexanoate 
13.38 
13.96 

229.1070 
229.1070 

C11H17O5 Unknown – 57557709 

Psoralene 16.01 187.0979 C11H6O3 Anticancer [81] 6199 
Baccatin III 17.85 603.2449 C31H38O11 Anticancer [82] 65366 
Cyanidin 3-O-(6ꞌꞌ acetyl) glucoside 18.74 491.2128 C23H23O12 Anticancer [83,84] 15714477 
Limonin-17-beta-D-glucoside 20.90 649.2471 C32H42O14 Anticancer, antioxidant and 

hepatoprotection 
[83,85,86, 
87] 

24820753 

6β-Acetoxyscillarenin3-Oβ-D-glucoside(1→4)-α-L- 
rhamnoside 

21.91 
21.94 
22.01 
22.87 

753.3328 
753.3335 
753.3345 
753.3326 

C38H54O15 Unknown [56] –  

Methanol Extract 

Peak number Retention Time 
(Min) 

M-H M-H 
Formula 

Biological activities Reference  

Salvianolic acid A 4.96 492.1812 C26H22O10 Antioxidant and cardioprotective capacity [88,89] 5281793 
Protocatechuic acid glucoside 5.47 315.0711 C13H16O9 Antidiabetic [90,91] 11972438 
Isorhamnetin derivative 6.45 373.0757 C16H12O7 Anticancer and antioxidant [92,93] 5281654 
Rhamnosyl-di-hexosyl quercetin 

sulphate 
7.65 915.2181 C33H38O28S Unknown [94] 129849106 

Dihydrophaseic acid 4-O-beta-D- 
glucoside 

8.62 443.1893 C21H31O10 Antioxidant, 
anticancer 

[79] 11988281 

Eriodictyol 7-O-glucoside 10.26 449.1064 C21H21O11 Cell survival [95,96] 13254473 
Taxifolin 4′-glucoside 12.19 

12.25 
465.1044 
465.1044 

C21H22O12 Antioxidant, anticancer [78,79] 71587141 

Petunidin 3,5-Di-O-Beta-D-Glucoside 13.38 641.1724 C28H33O17 Antioxidant [97,98] 75184857 
2-hydroxyethyl 4-acetyl-4-methyl-5- 

oxohexanoate 
13.94 
14.00 

229.1070 
229.1070 

C11H17O5 Unknown – 57557709 

Unidentified 16.07 685.1863 Unknown Unknown   
Hydroxyoleuropein 17.49 557,1857 C25H32O14 Antioxidant [99,100] 6440747 
Oleuropein 18.26 

18.31 
539.1779 
539.1798 

C25H32O13 Antioxidant, anticancer, antimicrobial, 
cardioprotective capacity and anti-inflammatory 

[101,102,103, 
104] 

5281544 

Scillirubroside/scilliphaeosidin- 
glucoside 

19.38 607.2750 C28H31O15 Unknown [93] – 

Limonin-17-beta-D-glucoside 20.87 649.2489 C32H41O14 Anticancer, antioxidant and hepatoprotection [83,85,86,87] 46878414 
6β-Acetoxyscillarenin3-Oβ-D-glucoside 

(1→4)-α-L-rhamnoside 
21.87 
21.99 

753.3318 
753.3318 

C38H54O15 Unknown [56] –  

K. Laka et al.                                                                                                                                                                                                                                    



Toxicology Reports 8 (2021) 1265–1279

1271

cancer-related deaths and shortage of effective chemotherapy, research 
studies are required to come up with novel alternatives for treatment 
and prevention, and herbal medicine plays a crucial role in the discovery 
of such new drugs [106,107]. The potential cytotoxic effects of 
D. calcarata ME and WE were evaluated for the first time. A shown in 
Fig. 3A, both WE and ME had no significant cytotoxic effect on the 
human embryonic kidney HEK-293 cells. The results suggest the safety 
of the D. calcarata extracts. As shown in Fig. 3B & C, the colorectal 

cancer cells Caco-2 and HT-29 had varying sensitivities towards meth
anol extract. The culture conditions can massively impact the integrity 
of the Caco-2 monolayer, as well as the permeability of drugs [108]. The 
lack of efficacy against the Caco-2 cells may be attributed to lack of 
solubility, thus, as suggested by Lechanteur et al. [108] suggested that 
the behaviour of these cells may affect the efficacy of the drugs. Thus, in 
future, it would fruitful to reprogramme these cells to improve drug 
uptake. Previously, Caco-2 cells were epigenetically reprogrammed and 
altered into CD4+ cells with nano-sized complexes of amphiphilic pol
y-(N-vinylpyrrolidone) [PVP] with miRNA-152 and piRNA-30074 
[109]. The WE extract demonstrated a cytotoxic effect against the 
HT-29 cells and had no significant effect on the Caco-2 cells. An IC50 of 
450 μg/mL for ME was used for the treatment of Caco-2 cells and 
500 μg/mL for both ME and WE for the treatment of HT-29 cells. For the 
WE extract, an IC50 could not be deduced due to lack of activity, thus 
500 μg/mL WE was chosen to further confirm the inactivity against 
Caco-2 cells. Curcumin (50 μM) was used as a positive control, 0.25 % 
DMSO, and 0.25 % H2O as solvent controls. Previously, D. maritima 
exhibited anticancer activity against malignant human neuroblastoma 
(SH-SY5Y) cell line, non-small cell lung cancer (NSCLC) [A549] cell line, 
human cervical cell lines, (SiHa and HeLa) [4,16,110]. Furthermore, 
altissimin, a flavonoid C-apioglucoside fromDrimia altissima demon
strated solid in vitro anticancer activity against cervical HeLa cells [111]. 
MTT assay has been used as a drug sensitivity test (DST), in vitro; 
however, this method has some drawbacks/limitations [112]. For 
instance, this assay cannot differentiate between apoptotic and necrotic 
cells and therefore does not reveal the mechanism of action [113,114]. 
Detection of apoptosis in treated cancer cells is more valuable than 
assessing only cancer cell viability. Additionally, riparianin isolated 
from D. calcarata was implicated in anticancer activities against breast 
(MCF-7), renal (TK10), and melanoma (UACC62) cancer cells based on 
MTT assay only, but the anticancer mechanism of the dichloromethane 
extract was not explored. The chemical composition of D. calcarata 
water extract included; Quercetin derivative, Dihydrophaseic acid 
hexoside, Vanillic acid 4-Beta-D-Glucoside, Psoralene, Baccatin III, 
Cyanidin 3-O-(6ꞌꞌ acetyl) glucoside and Limonin-17-beta-D-glucoside 
and methanol extract included; Isorhamnetin derivative, Dihy
drophaseic acid 4-O-beta-D-glucoside, Taxifolin 4′-glucoside, Oleuropein 
and Limonin-17-beta-D-glucoside, and have been demonstrated to have 
anticancer activities in previous reports as indicated in Table 3. The 
results suggest that some of these phytochemicals may stimulate the 
anticancer activity of D. calcarata. Since the anticancer activity of the 
extracts should be mainly attributed to the identified secondary me
tabolites, these findings warrant further study at the molecular level to 
certainly launch the anticancer value of these phytochemicals. 

3.5. Apoptosis analysis 

Apoptosis was primarily defined by its morphological features, 
which include chromatin condensation, nuclear fragmentation, mem
brane blebbing, and cell shrinkage [115]. To elucidate whether the in
hibition of cell proliferation by ME and WE was linked with cellular 
apoptosis induction, the effects of both extracts were first investigated 
through fluorescence microscopy using acridine orange/ethidium bro
mide (AO/EB) dual staining. Secondly, by in vitro assays Muse® Annexin 
and Dead Cell assay, Muse® Caspase 3/7 Activation assay and lastly, 
Polymerase Chain Reaction (PCR). 

3.6. AO/EB dual staining 

Dual acridine orange/ethidium bromide (AO/EB) fluorescent stain
ing, visualised under a fluorescent microscope, has been employed to 
categorise apoptosis-related changes of cell membranes during the 
process of cell death. Moreover, this technique can also accurately 
differentiate cells in dissimilar stages of apoptosis [116]. The untreated 
control Caco-2 cells (Fig. 4a), 0.25 % DMSO treated cells and 0.25 % 

Fig. 3. Cytotoxic effect of ME and WE against Human embryonic kidney HEK- 
293 cells (A), colorectal Caco-2 cancer cells (B) and colorectal HT-29 cancer 
cells (C). Non cancer cells were treated with D. calcarata extracts at concen
trations ranging from 62.5 to 1000 μg/mL and cancer cells from 15. 63 to 
1000 μg/mL. The difference was found to be statistically nonsignificant (ns) 
after treatment of the noncancerous HEK-293 cell line with WE and ME. Both 
ME and WE significantly (*** P < 0.001) reduced the viability of the HT-29 
cells. WE had no effect on Caco-2 cells. 
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H2O-treated cells (Fig. 4b) displayed intact nuclear (red arrows), while 
curcumin- and ME-treated Caco-2 cells (Fig. 4d & e) showed cell 
shrinkage (purple arrows), cells going through early apoptosis which 
fluoresced a green/yellow colour (yellow arrows) and cells going 
through the late stage of apoptosis which showed uneven orange fluo
rescence at their periphery (blue arrows) but WE treated Caco-2 cells 
(Fig. 4f) displayed no apoptotic cells. Treatment of the HT-29 cells with 
curcumin and both extracts caused cell shrinkage (purple arrows) and 
cells going through early apoptosis, which fluoresced bright green 
(yellow arrows) [Fig. 5j–l] and the number of viable cells decreased 
tremendously. 

Previously, Liu et al. [117] AO/EB was used for apoptosis detection 
in Osteosarcoma Cells. Cells undergoing early apoptosis were noticeable 
by crescent-shaped or granular yellow-green acridine orange nuclear 
staining, while those undergoing late-stage of apoptosis were patent 
with orange nuclear ethidium bromide staining. Additionally, treatment 

of HT-29 cells with vanillin resulted in reduced cancer cell number, and 
also features of apoptosis-like cell blebbing were observed [118]. 

3.7. Annexin V and caspase 3/7 activation 

To further confirm the apoptotic activity of the D. calcarata, the 
Muse® Annexin V and Dead Cell assay and Muse® Caspase 3/7 assay 
were carried out. Treatment of Caco-2 cells with 450 μg/mL of the ME 
and 50 μM curcumin significantly (p < 0.001) induced late apoptosis, 
while the WE did not affect Caco-2 cells (Figs. 6A and A2 [Supplemen
tary data]). ME and curcumin significantly (p < 0.01 and p < 0.001) 
induced the activation of the effector caspases, including 3 and 7 in 
Caco-2 cells (Figs. 6B and A4 [Supplementary data]). Interestingly, both 
D. calcarata extracts induced early apoptosis in HT-29 cells (Figs. 6C and 
A3 [Supplementary data]). ME and curcumin were also significantly 
induced caspases -3 and -7 activation in HT-29 cells (p < 0.01; 

Fig. 4. Nuclear morphology of Caco-2 cells 
after acridine orange/ethidium bromide (AO/ 
EB) staining: The figure shows untreated Caco-2 
cells - (a), 0.25 % DMSO-treated Caco-2 cells 
(b), 0.25 % H2O-treated Caco-2 cells (c), 50 μM 
Curcumin-treated Caco-2 cells (d), -450 μg/mL 
ME-treated Caco-2 cells (e), -500 μg/mL WE- 
treated Caco-2 cells (f). The images were 
taken at 20X magnification using the Eclipse Ti- 
U fluorescence microscope (Nickon Instruments 
Inc. USA) and images were captured at 20X 
magnification. The red arrows indicate intact 
nuclei, while purple arrows display loss of 
membrane integrity. The yellow arrows show 
cells undergoing early apoptosis while the blue 
arrows show cells at late apoptosis. (For inter
pretation of the references to colour in this 
figure legend, the reader is referred to the web 
version of this article).   

Fig. 5. Nuclear morphology of HT-29 cells after 
acridine orange/ethidium bromide (AO/EB) 
staining: The figure shows untreated HT29 cells 
(a), 0.25 % DMSO-treated HT29 cells (b), 0.25 
% H2O-treated HT29 cells (c), -50 μM 
Curcumin-treated HT29 cells (d), 450 μg/mL 
ME-treated HT29 cells (e), -500 μg/mL WE- 
treated HT29 cells (f). The cells were taken at 
20X magnification utilizing an Eclipse Ti-U 
fluorescence microscope (Nickon Instruments 
Inc. USA). The red arrows indicate intact nuclei, 
while purple arrows display loss of membrane 
integrity. The yellow arrows show cells under
going early apoptosis while the blue arrows 
show cells at late apoptosis. (For interpretation 
of the references to colour in this figure legend, 
the reader is referred to the web version of this 
article).   
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p < 0.001). The WE did not affect the activation of caspases -3 and -7 in 
both cell lines (Figs. 6D and A5 [Supplementary data]). Previously, 
D. maritima induced cell death in human breast cancer cells via the 
intrinsic apoptotic pathway [119]. Baccatin III promoted apoptosis in 
JR4-Jurkat cells with possible participation of anti-apoptotic Bcl-2 and 
mitochondrial membrane damage [120]. Furthermore, limonin gluco
side induced apoptosis through a reduction in the transcription ratio of 
Bcl-2/Bax and initiating the release of cytochrome c from mitochondria 
to cytosol, which confirm the activation of the intrinsic apoptotic 
pathway in SW480 colon cancer cells [121]. Oleuropein has been 
demonstrated to promote breast tumour cell death through a 
p53-dependent pathway, which is regulated by Bax and Bcl-2 genes 
[122]. These compounds have been found present in the D. calcarata 
extracts. Therefore, phytochemicals present in D. calcarata extracts may 
have therapeutic potential in colorectal cancer by inducing apoptosis. 

3.8. Expression of apoptotic related genes 

Bcl-2 and Bax are members of the Bcl-2 family, which are named 
from B-cell lymphoma-2 [123], which regulate apoptosis by acting as 
anti- or pro-apoptotic regulators that are involved in a wide variety of 
cellular activities. Bax is an oncogene regarded as having a proapoptotic 
effect. It has also been suggested that the ratio of Bax to Bcl-2 proteins is 
the dominant factor that determines whether expression of these onco
genes results in pro- or antiapoptotic effects [124]. In this study, Bax was 
undetected in both untreated colorectal cancer cells and D. calcarata WE 
and ME treated Caco-2 and HT-29. Bax upregulation was only detected 
after the treatment of Caco-2 cells with 50 μM curcumin (Fig. 7A). Bcl-2 
is mostly reported as an antiapoptotic regulator, thus promoting 
tumorigenesis by stimulating anti-apoptotic activities [110–112]. As 
shown in Fig. 7, Bcl-2 was highly expressed in untreated Caco-2 cells 

(Fig. 7B) than untreated HT-29 cells (Fig. 7E). ME significantly 
(p < 0.001) downregulated the expression of Bcl-2 in both cell lines, 
while WE and curcumin-treated HT-29 showed no significant effect on 
the expression of Bcl-2. Decreased expression of Bcl-2 in both colorectal 
cancer cells can be credited with the apoptosis prompted by ME since 
overexpression of Bcl-2 supports tumour cell growth and resistance to 
apoptosis. 

The p53 was not detected in the untreated Caco-2 cells, but the 
treatment of Caco-2 cells with ME, lead to its upregulation (Fig. 7C). 
Interestingly, both ME and WE upregulated the expression of p53 in HT- 
29 (Fig. 7F). The results suggest that the D. calcarata extracts increase 
cancer cell apoptosis through a p53-dependent pathway. In agreement, 
He et al. [125], previously concluded that the general health of patients 
with colorectal cancer improved following curcumin treatment through 
the mechanism of increased p53 molecule expression in tumour cells 
and as a result, speeding up tumour cell apoptosis. Curcumin-treated 
Caco-2 cells showed no expression of p53, while curcumin-treated 
HT-29 cells resulted in the significant (p ≤ 0.001) downregulation of 
p53 expression. In agreement, curcumin resulted in the downregulation 
of p53 in HT-29 [125]. This might be due to the fact that HT-29 colo
rectal cancer cells are p53 mutated cells, regardless of the p53 status, 
curcumin is considered to be active against colorectal cancer cells [126]. 
Previously, Gamet-Payrastre et al. [127] also reported the expression of 
p53, with no detection of Bcl-2 and elevated expression level of the 
proapoptotic protein Bax in HT-29. A previous report suggested that p53 
induces the mitochondrial cell death pathway [128]. Moreover, in other 
diseases, curcumin protected rat liver from streptozotocin-induced dia
betic pathophysiology by counteracting reactive oxygen species and 
preventing the activation of p53 and MAPKs mediated stress response 
pathways [129]. Downregulation of Bcl-2 unblocks the release of cyto
chrome c from the mitochondria for initiation of apoptosis, thus ME 

Fig. 6. Apoptosis evaluation and Caspase3/7 activation in Caco-2 (A&B) and HT-29 (C&D) cells after 24 h treatment. In A, B, C and D, solvent controls had no 
significant (ns) effects on both Caco-2 and HT-29 cells. The positive control agent significantly (p < 0.001) induced apoptosis of both colorectal cancer cells. 
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induced mitochondrial-mediated apoptosis in colorectal Caco-2 and 
HT-29 cells. This was supported by the upregulation of p53 in both cell 
lines by ME. Previously, human breast cancer cells went through 
intrinsic apoptosis after treatment with D. maritima [118]. GAPDH was 
used as the loading control (Fig. 7D and G). 

3.9. Expression of signal transducers and activators of transcription 
(STAT) genes 

Colorectal cancer study has defined many biomarkers for diagnostic, 
prognostic, and predictive functions that either alone or as part of a 
panel would help advance patient’s clinical management. At present, it 

is obvious that colorectal cancer is a polygenic disease occurring due to 
epigenetic as well as genetic manifestations in a numeral of genes with 
an unparalleled role for the maintenance of standard cellular physio
logical conditions [130]. Such genes may be tumour suppressor genes, 
oncogenes, mismatch repair genes, and cell cycle regulating genes in 
colon mucosal cells [131]. Consequently, research studies aim to 
describe new markers for prognosis and prediction of the biological 
behaviour of a particular therapeutic procedure [132]. The wild-type 
colorectal cancers may be less sensitive to medicinal plants extracts 
than p53-mutant colorectal cancers. Additionally, STAT5B can also be 
targeted for combinatorial therapy. 

Transcription factors are adaptor molecules that recognise 

Fig. 7. PCR analysis of apoptotic genes in Caco- 
2 (A-Bax, B-Bcl-2, C-p53 &D-GAPDH) and HT- 
29 (E-Bcl-2, F-p53 & G-GAPDH) cells. Caco-2 
cells: Lane 1: 100 bp Marker, Lane 2: un
treated, Lane 3: 0.25 % DMSO, Lane 4: 0.25 % 
H2O, Lane 5: 450 μg/mL ME, Lane 6: 50 μM 
curcumin, Lane 7: HEK-293 cells and Lane 8: 
blank. HT-29: Lane 1: 1000 bp DNA ladder, 
Lane 2: untreated, Lane 3: 0.25 % DMSO, Lane 
4: 0.25 % H2O, Lane 5: 62.5 μg/mL ME, Lane 6: 
250 μg/mL WE, Lane 7: 50 μM curcumin, Lane 
8: HEK-293 cells and Lane 9: blank. GAPDH was 
used as a loading control.   
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Fig. 8. PCR analysis of STATS genes in 
HEK-293 (A-STAT1& STAT3), Caco-2 (C- 
STAT5B &D-GAPDH) and HT-29 (D- 
STAT1, E-STAT3, F-STAT5B & G-GAPDH) 
cells. STAT1, STAT3, STAT5B and GAPDH 
in colorectal cancer cells after 24 h treat
ment D. calcarata extracts. Caco-2 cells: 
Lane 1: 100 bp Marker, Lane 2: untreated, 
Lane 3: 0.25 % DMSO, Lane 4: 0.25 % H2O, 
Lane 5: 450 μg/mL ME, Lane 6: 50 μM 
curcumin, Lane 7: HEK-293 cells and Lane 
8: blank. HT-29: Lane 1: 1000 bp DNA 
ladder, Lane 2: untreated, Lane 3: 0.25 % 
DMSO, Lane 4: 0.25 % H2O, Lane 5: 
62.5 μg/mL ME, Lane 6: 250 μg/mL WE, 
Lane 7: 50 μM curcumin, Lane 8: HEK-293 
cells and Lane 9: blank. GAPDH was used 
as a loading control.   
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regulatory sequences in the DNA and aim at the cluster of proteins that 
regulate gene expression. A few transcription factors are overactive in 
many human cancer cells, making them significant targets for the 
development of therapeutic drugs [133]. As shown in Fig. 8A, the 
expression of STAT1 and STAT3 were not observed in the untreated and 
treated Caco-2 cells, the expression was only detected in the untreated 
HEK-293 cells. No expression of STA5B was observed in the untreated 
Caco-2, DMSO and H2O treated Caco-2 cells. Treatment of Caco-2 with 
ME and curcumin resulted in upregulation of STAT5B, which is highly 
expressed in HEK-293 cells (Fig. 8B). As shown in Fig. 8D, ME down
regulated the expression of STAT1 in HT-29 cells. No expression of 
STAT3 in the HT-29 cells before and after treatment (Fig. 8E). Treatment 
with ME, WE, and curcumin downregulated the expression of STAT5B 
(Fig. 8F). The expression of STAT genes in colorectal cancer is unclear. 
STAT1, STAT3, and STAT5 activation are typically associated with 
increased tumour proliferation, metastasis, survival, and invasion 
[134–136]. During the progression of cancer, additional signalling 
pathways turn out to be activated in cells, but most congregate into 
major downstream networks. As part of an extended network, STAT5 
signal transducers can interact in crosstalk with other pathways to 
enable co-operation or antagonistic actions of various growth factors. 
Research report demonstrated that comparable to normal develop
mental programs, oncogenic functions of STAT5 rely on molecular 
crosstalk with PI3K/AKT signalling for the initiation and in some in
stances the progression, of breast cancer. The multitude by which STATs 
can interact with individual mediators of the PI3K/AKT signalling 
cascade may provide diverse opportunities for targeting signalling nodes 
within molecular networks that are crucial for the survival of cancer 
cells [137]. Moreover, the AKT and STAT5 pathways appear most crit
ical and may result in drug-resistant chronic myeloid leukemia and 
systemic mastocytosis. Thus, targeting STAT5 and AKT could be a 
stimulating approach in human malignancies. There is an unmet need to 
come up with novel drugs which will target STAT-regulated genes in 
cancer. GAPDH was used as the loading control (Fig. 8C and G). 

4. Conclusion 

The D. calcarata methanol extract (ME) demonstrated cytotoxicity 
against colorectal cancer Caco-2 and HT-29 cells, meanwhile, water 
extract (WE) showed selective cytotoxicity towards the colorectal cancer 
cells. The expression of apoptosis-related regulatory genes assessed by 
PCR revealed an up-regulation of p53 while Bcl-2 was downregulated. 
Upregulation of Bax after treatment with curcumin was observed. The 
Bax gene was undetected in HT-29 cells. The mode of cell death induced 
by ME was suggestive of an intrinsic apoptotic pathway and p53- 
dependent mechanism in both colorectal cancer cells. ME down
regulated the expression of STAT1, 3, and 5B in HT-29 cells. Our find
ings indicate that phytochemicals present in Drimia calcarata have a 
potential for natural therapeutic product development for the treatment 
of colorectal cancer. However, further investigations are now needed to 
establish the precise mechanism of action for the compounds with un
known biological activities and to elucidate their therapeutic 
effectiveness. 
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