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	 Kalanchoe pinnata (Lam.) Pers.: a medicinal plant traditionally used for various 
ailments, has gained attention for its curing various infectious diseases. This plant being a 
succulent herb with various medicinal applications for several diseases especially cancer 
have shown its mechanism by several approaches. This herb contains gallic acid, caffeic acid, 
coumaric acid, stigmasterol, campesterol, and other elements; it is these phytochemicals that 
participate in the regulation of cell proliferation, regulation, oxidative stress, and apoptosis. 
They also have the potentiality to act as a drug agents for tumours resistance therapy. Cancer is 
a global health problem that is associated with the life style changes. Out of which pancreatic 
cancer represents the most lethal among all; despite being all the advances made in these years. 
This present work assessed the effect of Kalanchoe pinnata (Lam.) Pers.: extract against the 
human pancreatic cancer cell line PANC-1 using flow cytometry based analyses. PANC-1 cells 
were treated with the increasing concentrations of Kalanchoe pinnata (Lam.) Pers. :( 150-450µg/
ml). Cell viability were examined using the MTT assay while the cell cycle and apoptosis were 
determined using the flow cytometry. The results indicated the significance in the increase of 
cytotoxicity; decrease in the cell viability with the change of concentration. Flow cytometric 
analysis were carried out for the induction of the apoptosis which demonstrated that the extracts 
were capable for the induction of cell cycle arrest. The Study outcomes suggests that Kalanchoe 
pinnata (Lam.) Pers.: exhibits potent in vitro anticancer activity against PANC-1 cells through 
dose-dependent induction of apoptosis.
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	 Long ago, medicinal plants have been 
regarded as an important sources of bioactive 
compounds with promising anticancer properties. 
Phytochemicals such as flavonoids, alkaloids, 
terpenoids, and phenolic compounds have been 
shown to inhibit cancer cell proliferation, trigger 
apoptosis, and modulate key signalling pathways 
involved in tumors development. Approximately 
125 perennial succulent species belong to the 

genus Kalanchoe most of which originate from 
Madagascar. 1 The genus is taxonomically intricate, 
with an inconsistent number of recognized species 
and multiple synonyms. The diversity within the 
genus, along with its widespread distribution 
and adaptability, has contributed to its ecological 
and pharmacological significance, making it 
an important focus for research into bioactive 
compounds and medicinal properties.2 Various 
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Kalanchoe species have also been widely introduced 
by humans, as their leaves are traditionally used to 
treat cancer .3, 4 Research studies shows that some 
of them can exert cytotoxicity against wide range 
of tumours cell lines, such as those originating from 
the cervix, breast, lung, liver, colon, and blood. 
5,6,7Kalanchoe pinnata (Lam.) Pers.: Commonly 
called as “Mother of Thousands”, this plant 
produces new plants along the edges of the leaves 
that can be removed and propagated separately in 
pots or bare soil8.Growing 1-1.5 tall this perennial 
stores water in its thick, scalloped green leaves 
and produces pendulous, bell shaped flowers on 
tall hollow stems.9 This plant is commonly found 
in the plains and tropical and temperate regions 
of Africa, Australia, and the Americas. It is also 
widely used in traditional Asian medicine for its 
ethnomedicinal properties.10 The leaves and stems 
have a bitter taste and, owing to their astringent 
properties, are effective in treating diarrhoea, 
flatulence, and vomiting.11These leaves are used 
in different countries for several diseases such as 
hypertension, kidney and urinary diseases, cough 
and asthma and for the treatment of the burns, 
ulcers, diarrhoea and insect bites. 
	 Cancer is a multifactorial pathological 
condition involving dysregulated cell cycle control, 
apoptosis resistance, sustained neovascularization, 
and invasive and metastatic behaviour. These 
abnormalities arise from cumulative genetic 
mutations and epigenetic dysregulation that disrupt 
critical regulatory networks governing cell cycle 
progression, DNA repair, apoptosis, and signal 
transduction that can be quantitatively assessed 
by flow cytometric analysis. The development of 
cancer can be by: exogenous factors like usage 
of tobacco, chemical carcinogens, radiations and 
oncogenic pathogens Endogenous factors that 
include the hormonal imbalances, mutations that 
are inherited, dysregulation in immune system and 
the mutations arising during the normal metabolic 
process. These factors jointly contribute for the 
initiation or the promotion of the cancer. There 
are types of cancers that can be eliminated by 
avoiding the tobacco consumption and the other 
factors that regulate these processes. Other type of 
malignancies have been to detected before the cells 
become cancerous which is suitable time for the 
treatment; that includes chemotherapy, radiation 
or immunotherapy.12

	 Pancreatic Cancer is an aggressive 
malignancy that’s predominantly composed of 
pancreatic duct adenocarcinoma which constitutes 
the major of the mortality rate in most of the cases. 
An important aspect of the pancreatic cancer is 
the poor prognosis to the therapies. Many plants 
and herbal medicines have been used for the 
treatment of the pancreatic cancer in the centuries 
ago. Traditional Chinese medicine and other 
plant medicines from all over the world have 
gained the importance for their role in cancer 
therapy. Over the decades the experimental 
investigation with a lesser extent to the clinical 
trials have expanded in higher rate, highlighting 
the importance of the plant-derived compounds.13 
Kalanchoe pinnata (Lam.) Pers., a member of the 
Crassulaceae family, have been traditionally used 
for the treatment of the inflammation, infectious 
wounds, and  tumours .Phytochemical analysis 
of the Kalanchoe pinnata (Lam.) Pers revealed 
that has the presence of bioactive compounds 
such as flavonoids, bufadienolides, alkaloids, and 
phenolic compounds, all contributing in a way to 
anti-oxidant, anti-inflammatory,anti-cancer which 
makes this plant suitable for the investigation of 
pancreatic cancer. In this study, we have utilized 
the plant with PANC-1 cells, a human pancreatic 
ductal carcinoma cell line that is extensively used 
for the in-vitro model of pancreatic research to 
show their cell viability and cytotoxicity and the 
incorporation of the flow cytometry technique for 
the assessment arrest of cell cycle, apoptosis and 
changes in the cell viability.

MATERIALS AND METHODS

Collection of plant and identification
	 Kalanchoe pinnata (Lam.) Pers was 
collected from the botanical garden of Centre for 
Bioscience and Nano science Research (CBNR) 
Echanari, Coimbatore and were authenticated  by 
Botanical Survey of India at Coimbatore.(BSI/
SRC/5/23/2023/Tech-475)
Preparation Of The Plant Extract
	 The leaves of Kalanchoe pinnata (Lam.) 
Pers were cleaned with distilled water, made into 
fine powder the washed leaves were shade dried at 
room temperature. The leaves were suspended in 
the ethanol for several days, filter and evaporate the 
solvent to get a crude extract. Dissolved a known 
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Fig. 1. Microscopic images of PAN-C1 cell lines

amount of the crude extract in a suitable volume 
of DMSO to create stock solution.
In Vitro Assesment Of Anti-cancer Activity 
Using MTT Assay 
	 The anticancer activity of sample is 
determined by the Pancreas cancer cell line 
(PAN-C1 cell lines) . Cytotoxicity activity of 
the sample on different concentrations (150, 
250, 350 and 450 ìg/mL) of cancer cell line was 
evaluated in-vitro. It is based on the formation of 

the tetrazolium salt 3-[4, 5-dimethylthiazolyl-2]-2, 
5-diphenyl tetrazolium bromide (MTT), that’s 
converted to blue formazan an insoluble product 
by mitochondrial enzymes in viable cells.
	 The cell lines were cultured in 12-well 
microtitre plates until a confluent monolayer was 
obtained. The test samples were then applied 
directly to the established cell monolayer. Prior 
to cell seeding, the specimens were pre-wetted in 
70% aqueous ethanol for 48 h, rinsed twice with 
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Fig. 2. PAN-C1 cells untreated (Control)    

ultrapure water, and incubated in 1 mL of DMEM 
in 24-well plates for 2 h at 37 °C. Subsequently, 
the specimens were seeded with cells at a density 
of 10,000 cells per well following standard cell-
culture protocols. The plates were maintained at 
37 °C in a humidified atmosphere containing 5% 
CO‚  for 15 days.
	 At each designated time point, samples 
were removed from the 24-well plates and 
transferred to fresh plates for the MTT assay. 
The MTT solution was prepared by dissolving 
the reagent in phosphate-buffered saline to a 
final concentration of 1 mg/mL. Following 1 
h of incubation, the resulting purple formazan 
crystals were solubilized using sodium dodecyl 
sulfate (SDS) prepared at 20% (w/v) in a 1:1 
mixture of water and dimethylformamide (DMF). 
Subsequently, 1 mL of MTT medium (0.0005 mg/
mL) was added to each well and the plates were 
incubated for 3 h, rinsed, and the dye was desorbed 
using 100 µL of 70% isopropanol. After agitation 
at 400 rpm for 40 min, the colored solution was 
transferred to a 96-well plate and the absorbance 
was measured at 550 nm. Cell viability and 
proliferation were calculated, and morphological 
changes were examined using inverted microscopy. 
Images of control cells (doxorubicin, 100 µg/mL) 
and treated samples were recorded and presented 
separately.

MATERIALS AND METHODS

	 Sample Extract, PAN-C1 cell line, 
Fetal Bovine Serum (FBS), DMEM medium and 
antibiotic solution (penicillin and streptomycin). 
Ribonuclease-I (stock 100mg/ml), FITC-annexin 
V and Propidium iodide (100µg/ml) and 1X PBS. 6 
well tissue culture plate and wash beaker (Tarson) 
and 70% ethanol. 
Cell culture
	 PAN-C1 cell line were cultured in liquid 
medium (DMEM) supplemented 10% Fetal Bovine 
Serum (FBS), 100ug/ml penicillin and 100µg/ml 
streptomycin, and maintained under an atmosphere 
of 5% CO2 at 37oC
Cell cycle analysis by flow cytometry
	 The sample extract was evaluated for cell 
cycle analysis in PAN-C1 cells using the propidium 
iodide (PI) staining method. Briefly, cultured 
PAN-C1 cells were harvested by trypsinization, 
pooled into a 15 mL centrifuge tube, and seeded 
at a density of 2 × 10v  cells/mL in 6-well tissue 
culture plates containing DMEM supplemented 
with 10% FBS and 1% antibiotic solution. The cells 
were incubated for 24–48 h at 37 °C in a humidified 
atmosphere with 5% CO‚ .
	 After incubation, the cells were washed 
with sterile PBS and treated with the extract at 
concentrations of 250 µg/mL and 450 µg/mL in 
serum-free DMEM, followed by further incubation 
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Fig. 4. PAN-C1 cells treated with 250µg/ml

for 24 h under the same conditions. The cells were 
then harvested by trypsinization and washed with 
PBS by centrifugation at 1500 rpm for 5 min. The 
resulting cell pellet was fixed by the dropwise 
addition of cold 70% ethanol and incubated for 30 
min at 4 °C.
	 Following fixation, the cells were washed 
twice with sterile PBS by centrifugation at 1500 
rpm for 5 min, and the supernatant was discarded. 
The final cell pellet was resuspended in binding 
buffer containing RNase (100 µg/mL), FITC-
annexin V, and propidium iodide (PI, 100 µg/

mL) and incubated for 15 min in the dark. The 
stained cells were immediately analyzed by flow 
cytometry using a FACS Canto II flow cytometer 
(BD Biosciences).

RESULTS

In Vitro Assesment Of Anti-cancer Activity 
Using Mtt Assay
	 PAN-C1 cancer cell lines were exposed 
to increasing concentrations (150–450 µg/ml) 
of sample extract to evaluate their response 

Fig. 3. PAN-C1 cells treated with 150µg/ml     
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Table 1. Cytotoxicity and Cell viability assay of Sample Extract in PAN-C1 cell lines

Type of cells		  PAN-C1 cell lines – Cytotoxicity Assay		  Inference
	 Concentration  (µg/ml)	 Cytotoxicity (%)	 Cell viability (%)	

Cancer (A)	 Untreated	 0	 > 99	 No Cytotoxicity
Cancer(B)	 150	 27.6 ± 0.75	 72.6 ± 0.75	 Cytotoxicity
Cancer(C)	 250	 32.3 ± 1.05	 67.9 ± 0.57	
Cancer(D)	 350	 46.9 ± 0.57	 53.3 ± 1.05	
Cancer(E)	 450	 64.6 ± 0.75	 35.6 ± 0.75	
Control(F)	 100	 66.9 ± 0.57	 33.3 ± 1.05

Table 2. Cell cycle analysis by flow cytometry

No.	 Stages of 			  Cell cycle analysis by flow cytometry (%)
	 apoptosis	 PAN-C1 	 PAN-C1 	 PAN-C1 	 PAN-C1 	 PAN-C1 
		  cells	 cells	 cells	 cells	 cells
		  Untreated	 Treated with 	 Treated with 	 Treated with 	 Treated with 
		  (Control)	 extracts	 extracts	 extracts	 extracts
			   (150µg/ml)	 (250µg/ml)	 (350µg/ml)	 (450µg/ml)

1	 Viable cells	 99	 81.0	 70.5	 51.5	 19.5
2	 Necrosis	 0.5	 1.0	 1.5	 1.5	 1.0
3	 Early apoptosis	 0.5	 10.5	 18.5	 26.5	 3.0
4	 Late apoptosis	 0	 7.5	 10.5	 20.5	 76.5

for the cytotoxicity in untreated and positive 
control groups. Analysis of the cytotoxicity assay 
indicated a significant, concentration-dependent 
increase in cytotoxic effects on PAN-C1 cell lines 

which is evident in the Table 1 and Fig 2. As the 
concentration of the sample was increased from 
150 µg/ml to 400 µg/ml, there is a significant 
increase in the cytotoxicity while the percent of 

Fig. 5. PAN-C1 cells treated with 350µg/ml
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cell viability shows a decline from dropping from 
72.6 ±0.75% to a minimum of 35.6± 0.75.The 
untreated group of cells  were found to be in normal 
fusiform shape (Fig. 2A); whereas, the cells treated 
with Sample produced many white circular dead 
cells under microscope (Fig. 2B, 2C, 2D to 2E) for 
their respective concentrations (150µg/ml, 250µg/
ml, 350µg/ml and 450µg/ml). Substantially the 
positive control (Doxorubicin) when compared was 
observed to almost similar cytotoxicity percentage 
(66.9 ± 0.57 % - Fig. 1F) was found evident for the 
higher concentration (450µg/ml) of Sample Extract 
(64.6 ± 0.75 % Fig. 2E).
Cell Cycle Analysis By Flow Cytometry
	 Flow cytometric analysis (Fig 4,5and 
6) revealed that treatment of PAN-C1 cells with 
the extracts induced a concentration-dependent 
apoptotic response. The differences in viable, 
early apoptotic, late apoptotic, and necrotic cell 
populations between untreated controls and extract-
treated cells are summarized in Table 2 which is 
determined by Annexin V and Propidium Iodide 
(PI) staining. 

DISCUSSION

	 The results demonstrate a clear dose-
dependent cytotoxic response in PAN-C1 cancer 
cells, with increasing concentrations enhancing 
growth inhibition and promoting cell death. Lower 
concentration (150–250 µg/ml) of the extracts 

showed a partial growth inhibition with moderate 
cytotoxicity. While the high concentration (350–
450 µg/ml)) was observed to a greater reduction 
in cell viability suggesting for the mechanism of 
apoptosis. While comparing the concentration 
of 450 µg/ml compared with positive control 
Doxorubicin highlights the efficiency of the extract 
for the potential anti-cancer activity. From these 
data the IC50 is estimated approximately to be 368 
µg/ml, indicating a moderate cytotoxicity. This is 
further studied by the assay of flow cytometry.
	 In Flow cytometry The untreated control 
showed 99% viability with negligible levels of 
necrosis (0.5%) and apoptosis (0.5%), confirming 
the baseline health and structural integrity of the 
PAN-C1 cell population. At lower concentration 
of 150 µg/ml-350 µg/ml there is decrease of the 
cell viability with increase in the early apoptosis 
(10.5%, 18.5%, and 26.5%) and late apoptosis 
(7.5%, 10.5%, 20.5%) indicating the initiation 
and stepwise progression of apoptosis. At higher 
dose of 450 µg/ml (Fig 7) at the stage of the Early 
Apoptosis drops to 3.0% while late apoptosis 
surged to 76.5%, meaning that the extract pushing 
for the apoptotic pathway very rapidly. At all the 
concentrations the necrotic population remain low 
<1.5 % that is good result suggesting that the cells 
are dead by a controlled mechanism of apoptosis. 
The LC… €  of the extract against PAN-C1 cells 
was calculated to be approximately 368 µg/ml, 
indicating moderate cytotoxic activity. With the 

Fig. 6. PAN-C1 cells treated with 450µg/ml 
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cytotoxicity and apoptosis data suggest that the 
extract inhibits pancreatic cancer cell growth 
through a dose-dependent induction of apoptosis 
and potential cell cycle arrest.

CONCLUSION

	 The present study demonstrates that 
Kalanchoe pinnata (Lam.) Pers. exhibits significant 
in vitro anticancer potential against PANC-1 
pancreatic cancer cells. Untreated cells maintained 
over 99% viability, indicating the absence of 
inherent cytotoxic effects under control conditions. 
In contrast, the treated cells showed a progressive 
reduction in cell viability with the increasing 
concentrations. On treatment, it was seen a gradual 
increase of the cytotoxicity with the increase in the 
concentration rising from 27.6 ± 0.75% at 150 µg/
ml to 64.6 ± 0.75% at 450 µg/ml, accompanied 
by a corresponding decrease in cell viability. 
Similarly increase for the apoptotic population 
was observed Flow cytometric analysis employing 
Annexin V/PI staining confirmed that the extract 
significantly inhibits cancer cell proliferation by 
inducing apoptosis in a potent and concentration-
dependent manner. It was mainly observed in the 
lower concentrations that triggers a transition to 
early apoptosis while of the higher concentrations 
drive a majority of the cell population to the later 
stage of the programmed cell death. Also the 
Necrotic cell populations remained negligible 
across all treatment concentrations, indicating that 
cell death was predominantly driven by apoptotic 
mechanisms rather than nonspecific necrosis.
	 Overall these findings likely attributes to 
the rich phytochemical profile such as flavonoids, 
bufadienolides that contributes to the cell 
cycle arrest and oxidative stress. Accordingly, 
Kalanchoe pinnata (Lam.) Pers. emerges as a 
promising candidate for further pharmacological 
development, with in vivo studies required to 
substantiate its therapeutic efficacy and safety as 
a targeted treatment for pancreatic cancer.
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