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Article Info ABSTRACT:

This study aimed to isolate Neferine from Nelumbo
nucifera seeds and evaluate its cytotoxic effects on cancer
Volume 6, Issue 6, September 2024 | o) jipes, particularly SK-N-MC and HepG2 cells.

Neferine was successfully isolated using a combination of

Received: 24 June 2024 hot methanol extraction, solvent partitioning, and flash
column chromatography. The purity of the isolated
Accepted: 21 August 2024 compound was confirmed through chromatographic
analysis. Cytotoxicity assessment using the MTT assay
Published: 09 September 2024 revealed dose-dependent decreases in cell viability for

both Neferine and the reference standard cisplatin against
SK-N-MC cells, with Neferine demonstrating significant
cytotoxic effects even at lower concentrations. Cell cycle
analysis and flow cytometry showed alterations in cell
cycle distribution and fluorescence characteristics upon
treatment with Neferine, comparable to those induced by
Cisplatin, suggesting potential cell cycle arrest or delay at
the G2/M checkpoint. Apoptosis investigation using
Annexin V FITC/PI analysis further supported the
cytotoxic effects of Neferine, with increased levels of
apoptosis or necrosis observed in Neferine-treated HepG2
cells. These findings highlight the promising therapeutic
potential of Neferine as an anti-cancer agent, warranting
further mechanistic studies and clinical investigations.
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1. Introduction

Cancer remains a significant global health challenge, with its prevalence and impact
continuing to rise. Conventional cancer treatments often come with severe side effects and
limited efficacy, necessitating the exploration of alternative therapeutic strategies derived
from natural sources [1]. Nelumbo nucifera, commonly known as the sacred lotus, has been a
subject of considerable interest due to its rich pharmacological properties, including
anticancer potential. Among its bioactive compounds, neferine has emerged as a promising
candidate for cancer therapy, exhibiting diverse pharmacological effects, including
antioxidant, anti-inflammatory, and anticancer properties [2, 3].

Neferine, a bisbenzylisoquinoline alkaloid abundantly found in Nelumbo nucifera, has
garnered attention for its potential anticancer activity against various cancer types [4]. As a
natural compound, neferine offers several advantages, including low toxicity and high
bioavailability, making it an attractive candidate for further investigation as a cancer
therapeutic agent [5-8]. Understanding the mechanisms underlying the anticancer effects of
neferine is crucial for its development as a viable treatment option.

Cell cycle analysis involves the quantification and characterization of cells at different stages
of the cell cycle, including GI1, S, G2, and M phases [9, 10]. Alterations in cell cycle
distribution induced by neferine can elucidate its mechanisms of action, including cell cycle
arrest, apoptosis induction, and modulation of cell cycle regulatory proteins [11]. By
elucidating the precise effects of neferine on the cell cycle, researchers can gain valuable
insights into its anticancer mechanisms and therapeutic potential.

Isolation of neferine from Nelumbo nucifera involves extraction and purification techniques
to obtain a highly concentrated and pure form of the compound. Once isolated, neferine can
be subjected to comprehensive in vitro and in vivo studies to evaluate its anticancer efficacy.
One of the fundamental approaches in assessing the anticancer activity of neferine is through
cell cycle analysis, which provides insights into the compound's effects on cell cycle
progression and cell proliferation.

In this study, we aim to evaluate the anticancer activity of neferine isolated from Nelumbo
nucifera using comprehensive cell cycle analysis. Through a series of in vitro experiments,
we will investigate the effects of neferine on cell cycle progression, apoptosis induction, and
cell viability in cancer cell lines. Our findings aim to contribute to the growing body of
evidence supporting the therapeutic potential of neferine as a novel anticancer agent derived
from natural sources, thereby paving the way for its further development and clinical
translation in cancer therapy.

2. Materials and Methods

Nelumbo nucifera seeds were collected from local ponds in the region of Ranga Reddy
district, Telangana, India. Collected specimen of Nelumbo nucifera seeds were authenticated
by Government Degree College, Kukatpally. All Solvents, Chemical reagents utilized in the
extraction process were of LR grade and procured from Sd Fine Chem Ltd, Hyderabad, India.
1.1.  Isolation of Neferine from Nelumbo Nucifera

The procedure involved the extraction of embryos from Nelumbo nucifera seeds, weighing
1.3 kg, utilizing hot methanol (MeOH). Following this extraction, the MeOH extracts were
concentrated under vacuum, yielding a residual mass of 0.728 kg. Subsequently, this residue
underwent exhaustive extraction using a 3% aqueous tartaric acid solution. The resulting
acidic aqueous solutions were then adjusted to a basic pH using 28% ammonium hydroxide
(NH40H) and subsequently extracted with chloroform (CHCI3). Concentration of the CHCI3
layers led to the formation of a residue weighing 8.21 g. This residue was further subjected to



Sravani Batchu/ Afr.J.Bio.Sc. 6(6) (2024) 9026-9036 Page 9028 to 12

flash column chromatography (CC) utilizing Wakogel FC40 as the stationary phase. The
elution process involved a solvent mixture of chloroform (CHCI3), methanol (MeOH), and
ammonium hydroxide (NH4OH) in the proportions of 95:4.5:0.5 [12, 13].

1.2.  MTT Assay [14]

1.2.1. Preparation of test solutions

For MTT assay, serial two-fold dilutions (6.25 — 100 pg) were prepared from this assay.

1.2.2. Cell lines and culture medium

SK-N-MC cell line was procured from NCCS, stock cell was cultured in DMEM medium
supplemented with 10% inactivated Fetal Bovine Serum (FBS), penicillin (100 IU/mL),
streptomycin (100 pg/mL) in a humidified atmosphere of 5% CO- at 37°C until confluent.
1.2.3. Procedure

The monolayer cell culture was trypsinized and the cell count was adjusted to 1.0 x 10°
cells/mL using respective media containing 10% FBS. To each well of the 96 well microtiter
plate, 100 pL of the diluted cell suspension (1 x 10* cells/well) was added. After 24 h, when a
partial monolayer was formed, the supernatant was flicked off, washed the monolayer once
with medium and 100 pL of different concentrations of test samples were added on to the
partial monolayer in microtiter plates. The plate was then incubated at 37°C for 24 h in 5%
CO; atmosphere. After incubation the test solutions in the wells were discarded and 20 pL of
MTT (2 mg/1 mL of MTT in PBS) was added to each well. The plate was incubated for 4 h at
37°C in 5% CO, atmosphere. The supernatant was removed and 100 uL of DMSO was
added and the plate was gently shaken to solubilize the formed formazan. The absorbance
was measured using a microplate reader at a wavelength of 570 nm. The percentage of
viability was calculated using the following formula, % viability = Sample abs/Control abs x
100

1.3.  Cell Cycle Analysis by Flow Cytometry [15]

1.3.1. Study Design

This study employed to investigate the effects of Neferine on the cell cycle progression of
HepG2 cells. The experimental conditions included treatment with reference standard
Cisplatin, test sample neferine and a control condition with untreated HepG?2 cells.

1.3.2. Cell Culture

HepG2 cells were obtained from American Type Culture Collection (ATCC) and cultured in
Dulbecco's Modified Eagle Medium (DMEM)] supplemented fetal bovine serum, penicillin-
streptomycin. Cells were maintained in a humidified incubator at 37°C with CO:
concentration, 5% CO:] until reaching approximately 70% confluence.

1.3.3. Treatment Conditions

HepG2 cells were divided into three experimental groups based on the treatment conditions:
Cisplatin (Reference Standard): HepG2 cells were treated with Cisplatin at a concentration of
6.25,12.5, 25, 50, and 100 pg/ml for 24 hours.

Control: Untreated HepG?2 cells served as the control group and were cultured under identical
conditions without the addition of any treatment agent.

Neferine (Test Sample): HepG2 cells were treated with Cisplatin at a concentration of
concentration of 6.25, 12.5, 25, 50, and 100 pg/ml for 24 hours.

1.3.4. Cell Harvesting and Fixation

Following the treatment period, cells were harvested using trypsinization and collected in
centrifuge tubes. The harvested cells were washed with phosphate-buffered saline (PBS) and
fixed with ice-cold 70% ethanol for a minimum of 1 hour at -20°C to ensure complete
fixation.

1.3.5. DNA Staining and Flow Cytometry Analysis

Fixed cells were permeabilized with PBS containing 0.1% Triton X-100 and stained with a
DNA fluorescent dye, such as propidium iodide (PI), to label cellular DNA. Flow cytometry
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analysis was performed using a [specify flow cytometer model] equipped with appropriate
filters for detecting PI fluorescence.

1.3.6. Data Analysis

Flow cytometry data were analyzed using (BioRad ZES5). Cell cycle distribution was
determined based on the DNA content revealed by PI staining, allowing for quantification of
cells in different phases of the cell cycle (G1, S, G2/M). Statistical analysis, including
ANOVA, was conducted to compare cell cycle distribution between treatment groups.

1.4. Apoptosis Investigation

The assessment of apoptosis induced by Neferine (NEF) and Cisplatin (DOX) in HepG2 cells
was conducted using Annexin V FITC/PI analysis. HepG2 cells were cultured in appropriate
media supplemented with fetal bovine serum and antibiotics and then treated with NEF or
DOX at the desired concentrations for a specified duration. Untreated cells served as controls.
Following treatment, cells were harvested using trypsinization and fixed in ice-cold 70%
ethanol to ensure complete fixation. The fixed cells were then permeabilized with phosphate-
buffered saline (PBS) containing 0.1% Triton X-100 to allow Annexin V FITC/PI staining.
Annexin V FITC/PI staining solution was added to the permeabilized cells, and the stained
cells were incubated in the dark for 15-30 minutes at room temperature. Flow cytometry
analysis was performed using a flow cytometer equipped with appropriate filters for detecting
FITC and PI fluorescence. Gating parameters were set to exclude debris and doublets, and
data were acquired for each sample to record the fluorescence intensity of the stained cells.
The proportion of apoptotic cells, including early apoptotic (Annexin V FITC-positive, PI-
negative) and late apoptotic or necrotic (Annexin V FITC-positive, PI-positive) cells, was
quantified using flow cytometry data analysis software. Results were interpreted based on the
comparison of apoptotic cell populations between treatment groups and the control group. All
procedures were conducted aseptically, and proper handling and disposal of NEF, DOX, and
other hazardous materials were ensured in accordance with institutional guidelines.
Validation of staining and gating parameters using appropriate controls was performed to
ensure the reliability and reproducibility of the results [16, 17].

3. Results and Discussion

a. Isolation of Neferine

During the elution process, a solvent mixture of chloroform (CHCI3), methanol (MeOH), and
ammonium hydroxide (NH4OH) in the proportions of 95:4.5:0.5 was utilized. This
chromatographic separation resulted in the isolation of Fraction I, which weighed 1.33 g.
Importantly, analysis revealed that Fraction I was nearly pure neferine, indicating the
successful purification of the target compound through the described extraction and
chromatographic processes.

The successful isolation of Neferine from Nelumbo nucifera seeds underscores the
effectiveness of the extraction and chromatographic techniques employed in this study. The
utilization of hot methanol extraction followed by solvent partitioning with aqueous tartaric
acid and subsequent basic-CHCI3 extraction allowed for the isolation of neferine in relatively
high yield. The choice of flash column chromatography with Wakogel FC40 as the stationary
phase further facilitated the purification process, resulting in the isolation of Fraction I, which
was nearly pure neferine. The purity of Fraction I suggests that the described extraction and
chromatographic procedures effectively removed impurities and contaminants from the crude
extract, resulting in the isolation of a highly purified compound.
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b. MTT Assay

The results of MTT assay presented in Table 1 demonstrate the percentage viability and IC50
values of Neferine compared to cisplatin, a reference standard, against the SK-N-MC cell
line. The control group, with a concentration of 0 ug/ml for both Neferine and cisplatin,
exhibited 100% viability, indicating no cytotoxic effects on the SK-N-MC cells.

In the Neferine-treated groups, a dose-dependent decrease in cell viability was observed as
the concentration of Neferine increased. At the highest concentration tested (100 pg/ml),
Neferine resulted in a viability of 27.93%, indicating a significant cytotoxic effect on the SK-
N-MC cells. The IC50 value for Neferine was calculated to be 18.48 pg/ml, indicating the
concentration required to inhibit cell viability by 50%.

Similarly, treatment with cisplatin also led to a dose-dependent decrease in cell viability. The
IC50 value for cisplatin was notably lower (7.53 pg/ml) compared to Neferine, indicating its
higher potency in inhibiting cell viability. At the highest concentration tested (100 pg/ml),
cisplatin resulted in a viability of 17.07%.

The results demonstrate that both Neferine and cisplatin exhibit cytotoxic effects on the SK-
N-MC cell line in a dose-dependent manner. Cisplatin showed higher potency, with a lower
IC50 value compared to Neferine.

However, Neferine still exhibited significant cytotoxicity at higher concentrations, with a
considerable decrease in cell viability observed even at lower doses. These findings suggest
that Neferine holds promise as an alternative or adjunctive treatment option for
neuroblastoma.

C. Cell Cycle Analysis and Flow Cytometry

The analysis reveals significant differences in cell cycle distribution and fluorescence
characteristics between the treated and control groups. The Results of Cell cycle analysis and
flow cytometry were enumerated in Table 2 and the cell distribution of each treatment groups
were displayed in Figure 1. Cisplatin-treated group, with a cell count of 17,120 and a volume
of 4.1 pL, displays a significantly higher mean FL2-A (78,087.04) compared to the control
group. Across different phases, the Cisplatin-treated group exhibits a substantial proportion of
cells in the M4 phase (69.79%), indicating potential cell cycle arrest or delay at the G2/M
checkpoint induced by Cisplatin treatment.

In contrast, the control group, comprising 15,323 cells and a volume of 10.9 pL, shows a
lower mean FL2-A (8,464.18) and a higher proportion of cells in the M2 phase (85.07%). The
Neferine-treated group, with a cell count of 23,266 and a volume of 15.8 puL, demonstrates a
higher mean FL2-A (46,588.85) compared to the control group.

Similar to the Cisplatin-treated group, the Neferine-treated group exhibits a significant
proportion of cells in the M4 phase (57.93%), suggesting potential cell cycle alterations
induced by NEF treatment. Contrastingly, the control group displays lower mean FL2-A
(8,464.18) and a higher proportion of cells in the M2 phase (85.07%).

Both Neferine and Cisplatin treatments lead to significant alterations in cell cycle distribution
and fluorescence characteristics compared to their respective control groups. Notably, both
treatments induce a higher proportion of cells in the M4 phase, indicating potential cell cycle
arrest or delay at the G2/M checkpoint. While Neferine shows comparable effects to Cisplatin
in altering cell cycle dynamics, the specific mechanisms and therapeutic implications may
differ and warrant further investigation.

Moreover, examination of fluorescence intensity reveals a higher mean fluorescence intensity
in the NEF-treated group compared to the control group, indicating potential alterations in
DNA content, cell size, or fluorescence labelling efficiency induced by NEF treatment. This
observation aligns with the findings in the Cisplatin treated group, where an elevated mean
fluorescence intensity is also noted.
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Contrary to both NEF and Cisplatin treated groups, the control group demonstrates a different
pattern of cell cycle distribution and fluorescence characteristics. With a lower proportion of
cells in the M4 phase compared to the NEF and Cisplatin treated groups, the control group
suggests a distinct effect on cell cycle progression induced by NEF and Cisplatin treatments.
Furthermore, the control group exhibits a lower mean fluorescence intensity compared to
both NEF and Cisplatin treated groups, indicating differences in DNA content, cell size, or
fluorescence labelling efficiency between the treated and control groups.

The observed alterations induced by Neferine treatment underscore its potential as an anti-
cancer agent, comparable to the reference standard Cisplatin. The significant increase in cells
in the G2/M phase and the higher proportion of apoptotic or dead cells in the NEF-treated
group highlight its cytotoxic effects on HepG2 cells. These findings emphasize the promising
therapeutic potential of Neferine in cancer treatment and warrant further investigation into its
underlying mechanisms of action and clinical applications.

The results demonstrate that Neferine treatment induces substantial alterations in cell cycle
dynamics and fluorescence characteristics, comparable to the effects elicited by the reference
standard Cisplatin, thereby highlighting its potential as a novel therapeutic agent for cancer
treatment.

d. Apoptosis Study

The apoptosis data presents the results of Annexin V FITC/PI analysis for three different
experimental conditions: HepG2 control cells, HepG2 cells treated with Cisplatin, and
HepG2 cells treated with Neferine (NEF). Notable results from the analysis include distinct
variations in the distribution of cells across different quadrants (Q) and alterations in the
mean fluorescence intensities (Figure 2) and coefficients of variation (CVs) for Annexin V
FITC and Propidium Iodide-A.

In the control group, comprising 29,572 cells with a volume of 148.3 pL, a majority of the
cells (90.50%) were observed in the Q2-LL quadrant, indicating viable cells. Conversely, the
Cisplatin-treated group showed a more balanced distribution across all quadrants, with
significant proportions of cells in Q2-UR (23.14%) and Q2-LR (26.98%), representing late
apoptotic or necrotic cells. Meanwhile, in the NEF-treated group, a similar distribution
pattern was observed, with a majority of cells in Q2-LL (55.40%), albeit with notable
proportions in Q2-UR (16.32%) and Q2-LR (25.60%).

Furthermore, the mean fluorescence intensities for Annexin V FITC and Propidium Iodide-A
varied significantly between the experimental groups. Notably, the NEF-treated group
exhibited higher mean fluorescence intensities for both Annexin V FITC and Propidium
Iodide-A compared to the control group, suggesting increased levels of apoptosis or necrosis
in NEF-treated cells.

The observed differences in Annexin V FITC/PI staining patterns between the control,
Cisplatin-treated, and NEF-treated groups suggest distinct effects on apoptosis induction.
Cisplatin treatment appears to induce a higher proportion of late apoptotic or necrotic cells, as
evidenced by the increased population in Q2-UR and Q2-LR. Similarly, NEF treatment also
leads to alterations in cell viability, with an increased proportion of cells in late apoptotic or
necrotic states compared to the control group.

Neferine treatment demonstrates a significant impact on apoptosis induction in HepG2 cells,
as indicated by the increased levels of Annexin V FITC and Propidium lodide-A staining.
These results suggest that NEF treatment promotes apoptosis or necrosis in HepG2 cells,
highlighting its potential as a therapeutic agent for cancer treatment. Further investigations
are necessary to elucidate the underlying mechanisms of NEF-induced apoptosis and its
potential clinical applications.
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4. Conclusion

In conclusion, the isolation of Neferine from Nelumbo nucifera seeds was achieved through a
series of extraction and chromatographic techniques, resulting in the production of nearly
pure Neferine. Cytotoxicity evaluation demonstrated the efficacy of Neferine against SK-N-
MC cells, with significant decreases in cell viability observed in a dose-dependent manner.
Cell cycle analysis and flow cytometry revealed alterations in cell cycle dynamics and
fluorescence characteristics induced by Neferine treatment, suggesting potential mechanisms
of action related to cell cycle regulation. Furthermore, apoptosis investigation indicated the
ability of Neferine to induce apoptosis or necrosis in HepG2 cells, supporting its potential as
a therapeutic agent for cancer treatment. These findings provide valuable insights into the
pharmacological properties of Neferine and underscore its potential as a novel anti-cancer
agent deserving further exploration in preclinical and clinical studies.
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Table 1: % Viability and 1C50 values of Neferine and cisplatin against SK-N-MC cell

line

Sample Concentration % Viability 1C50 (ug)
Mean SD
Control 0 100
6.25 61.4527781 0.373936893
125 52.87740939 0.2215552
Neferine 25 50.59892716 0.943608509 18.48
50 38.30319096 0.41022485
100 27.93379199 0.34100406
6.25 54.35773651 0.548999543
125 42.38559914 0.293069666
CISPLATIN 25 31.46000191 1.26008364 7.53
50 26.6665505 0.842727655
100 17.07392451 0.588201455

Table 2: Summary of Results of Cell Cycle analysis and Flow cytometry

HepG2 vs Cisplatin (Reference standard)

Cou | Volume | % of This | % of Mean CcVv Median
nt (uL) Plot All FL2-A | FL2-A FL2-A
17,1 0 100.0 | 78,087.0 0
All 20 4.1 100.00% 0% 4 87.58% | 78,939.50
M1 (12.0/167.0) | 398 4.1 2.32% 2(')22 89.36 | 48.59% 89
M2 (167.0/ 3,18 0 18.62 0
4.653.0) 3 4.1 18.62% % 1,625.89 | 73.20% | 1,310.50
M3 (4,273.0/ 1,29 0 7.55 | 10,881.2 0
25.632.0) 3 4.1 7.55% % 3 54.39% | 8,927.00
M4 (30,400.0 / 11,9 0 69.79 | 1,09,937. 0
3,045,667.0) 48 4.1 69.79% % 62 52.44% | 98,477.50
HepG2 vs Control
Cou | Volume | % of This | % of Mean CV Median
nt (uL) Plot All | FL2-A | FL2-A | FL2-A
15,3 0 100.0 383.96
All 23 10.9 100.00% 0% 8,464.18 % 1,972.00
M1 (12.0/167.0) | 298 10.9 1.94% 1(',24 102.07 | 39.93% 109
M2 (167.0/ 13,0 0 85.07 0
4.653.0) 36 10.9 85.07% % 1,941.46 | 52.35% | 1,820.00
M3 (4,273.0/ 1,48 0 9.67 0
25.632.0) ) 10.9 9.67% % 6,754.52 | 47.52% | 5,640.00
M4 (30,400.0 / 0 471 | 1,32,218. on | 1,16,914.0
3,045,667.0) 721 10.9 4.71% % 81 59.95% 0
HepG2 vs Neferine (Test Sample)
Cou | Volume | % of This | % of Mean CcVv Median
nt (uL) Plot All FL2-A | FL2-A FL2-A
All 23,2 15.8 100.00% | 100.0 | 46,588.8 | 119.60 | 41,458.50
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Figure 1: Cell Distribution of Control, Cisplatin and Neferine Treated groups in Hep G2 Cells
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Figure 2: Cell distribution and fluorescence intensities in Hep G2 cells in control, Cisplatin
and Neferine treatment groups.



