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Protective effects of lemongrass (Cymbopogon citratus STAPF) extract mediated
mitochondrial fission and glucose uptake inhibition in SW1417

Maha Abdulla ALWAILI"

Abstract

This study investigated the anticarcinogenic effect of lemongrass extract on human SW1417 colon cancer cells. SW1417 cells
were cultured and allocated into five groups to apply the treatment with the lemongrass extract using 5 separate fluctuated
concentrations: 0, 50, 100, 150 and 200 pug/mL for 24 h. The mRNA expressions of the oxidative pressure genes (HO-1 and
NQOI) were measured using the RT-PCR technique. Additionally, mitochondrial morphology was evaluated using Biotium
(100 nM MitoView™ 405-Blue) within a free culture. The antitumor activity value (IC, ) in SW1417 cells was done at 150 pg/mL.
Besides, the changes of mitochondrial morphology in the treated SW1417 cells at all the concentrations of lemongrass extract
were markedly observed as mitochondrial fission, which increased with increasing the concentrations and led to an apoptotic
effect. For more validation, mRNA levels of the oxidative pressure genes HO-I1 and NQOI were confirmed the obtained data,
HO-1 and NQOI genes expressions recorded significant (P < 0.05) increase which associated with increasing the concentrations
of lemongrass extract standardized to B-actin housekeeping gene and contrasted to untreated cells (0 pg/mL). In conclusion,
our findings indicate that lemongrass extract provided an anticarcinogenic action against the cell proliferation of human colon
cancer cells.

Keywords: lemongrass (Cymbopogon citratus STAPF) extract; human colon cancer cells (SW1417); anticancer; apoptosis;
mitochondrial fission.

Practical Application: The extract of lemongrass acts as an anti-carcinogenic agent against the cell proliferation of SW1417.

1 Introduction

Lemongrass (Cymbopogon citratus STAPF) leaves have
been widely consumed as infusions in Brazilian folk medicine
to treat ailments through the anti-spasmodic, analgesic,
antiinflammatory, antipyretic, diuretic and sedative properties
of this species (Blanco et al., 2009; Negrelle & Gomes, 2007).
Essential oil of lemongrass is of immense commercial value as
afood preservative, flavoring agent and ingredient in fragrances
and cosmetics (Ganjewala & Luthra, 2010). In addition, various
in vitro and in vivo pharmacological activities of lemongrass
essential oil (LGEO) have been described, including anxiolytic
and anticonvulsant activities (Blanco et al., 2009; Silva et al.,
2010) and antibacterial, antifungal and antiprotozoal properties
(Duarte et al., 2007; Irkin & Korukluoglu, 2009; Oliveira et al.,
2009; Santoro et al., 2007; Silva et al., 2008). Previous studies have
shown antimutagenic and antioxidant activities of lemongrass
extracts, or their specific compounds (i.e. citral, b-myrcene and
geraniol) in different in vitro and in vivo systems (Aboagye et al.,
2021; Cheel et al., 2005; Faheem et al., 2022; Miti¢-Culafi¢ et al.,
2009; Pereira et al., 2009; Rabbani et al., 2006; Tapia et al., 2007).
Moreover, geraniol has been found to reduce the proliferative
activity of Caco-2 human colon and MCF-7 human breast cancer
cells lines (Agnihotri et al., 2022; Zhi et al., 2021). In addition,
lemongrass ethanolic extract given orally to male Fischer 344 rats
inhibited both colonic aberrant crypt foci (ACF) and hepatic
glutathione S-transferase placental form (GST-P) positive

foci development induced by carcinogens azoxymethane and
diethylnitrosamine, respectively (Nomier et al., 2021; Okada et al.,
2021; Zhi et al., 2021).

Cancer chemoprevention is defined as the prevention,
inhibition, or reversion of cancer by the administration of natural
or synthetic agents (Flora & Ferguson, 2005; George et al., 2021).
Chemopreventive agents may inhibit cancer development either
by limiting exposure to carcinogens (e.g. carcinogenformation
inhibitors and blocking agents) or by decreasing tumor promotion/
progression stages (e.g. suppressing agents) (George et al., 2021).
Many compounds of medicinal or dietary plants have been identified
as potential chemopreventive agents capable of inhibiting DNA
damage, and even retarding or reversing the carcinogenesis process
in both in vitro and in vivo bioassays (Aggarwal & Shishodia,
2006; Flora & Ferguson, 2005; Malik et al., 2022; Patra et al,,
2021). Furthermore, there are various epidemiological studies
that associate dietary intakes of fruit, cereal, vegetables, and
teas with a lower risk of several human cancers (Khan et al,,
2008; Patra et al., 2021). Therefore, the impressive findings of
basic research and clinical trials are stimulating the search for
potential cancer chemoprevention agents. This study aimed to
validate the impact of lemongrass (Cymbopogon citratus STAPF)
essential oil mediated mitochondrial fission contributed to
induced apoptosis in human colon cancer cells.
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2 Materials and methods
2.1 Lemongrass essential oil extraction

Lemongrass leaves (Cymbopogon citratus STAPF) were
collected from the local medicinal plants (Biology Department
Farm, College of Science, Princess Nourah bint Abdulrahman
University) and deposited with a voucher specimen (496).
The essential oil was extracted from fresh lemongrass leaves
through 3 h of boiling hydrodistillation using a Clevenger
apparatus and as described in (Bidinotto et al., 2011). The extract
was stored at 4 °C in a dark receptacle until the moment of use as.

2.2 Cell culture

Human SW1417 colon cancer cell line was bought from the
American Type Culture Collection (ATCC, Manassas, VA, USA)
and kept in DMEM/Ham’s F-12 (1:1 v/v) medium enhanced
with 100 mL/L FBS, 1.5 g/L sodium bicarbonate, 400 pg/mL
hydrocortisone, 10 mL/L penicillin and streptomycin (0.1 mg/mL).

2.3 Cell treatment

From the humidified hatchery, cells seeding was additionally
done at 1 x 109 cells/well or 1 x 10° cells/well in 96 well tissue
culture plates separately. The extract from (Cymbopogon citratus
STAPF) lemongrass was put on to a culture media and the cells
were then treated with 5 separate fluctuated concentrations 0,
50, 100, 150 and 200 pg/mL for 24 h.

2.4 Cytotoxicity assay

The extract from lemongrass (0.10 mL) were dissolved in 9.90 mL
of DMSO to get a working concentration of 1 mg/mL. The active
concentration was prepared freshly and filtered through 0.45 p
filter before each assay. In brief, 10 mL of extract was prepared in
a concentration of 1 mg/mL. For each sample, 500 pL were poured
in ten Eppendorf tubes. The samples were syringe-filtered using
0.45 uM filter to remove contaminants. 500 pL of the sample’s working
concentration was further added to the first Eppendorf tube and
mixed well. Then, 500 pL of this volume was transferred from first
to last tube by serial dilution to obtain the desired concentration of
the lemongrass extract. As a result, the volume remains constant,
but there was a gradual change in concentration. The cytotoxicity
assessment was performed using MTT assay.

For this assay, SW1417 cells were plated in 96-well culture
plates (1 x 10* cells/well). The cells were exposed to five
concentrations of 0, 50, 100, 150 and 200 pug/mL of lemongrass
extract for 24 hours. The measurements were performed in
triplicate. The colors developed in the plates were read at 550 nm
by using DMSO as a blank. The percentage of cell viability was
expressed using the following formula (Equation 1):

% Cell viability = mean absorbance of treated cells /

()

mean absorbance of control cells x 100

2.5 Evaluating mitochondrial morphology

Non-controlled living SW1417 cells have been cultivated for
15 minutes in the same medium that was preliminary warmed

and incorporated Biotium (specifically 100 nM MitoView™ 405-
Blue) within a free culture. After two time-washing with PBC,
nuclei were stained by Hochest 33342-blue stain for 10 min.
Afterwards, the cells have been investigated using the inverted
phase-contrast microscopy (developed by Carl Zeiss Microscopy,
Germany) with 40X magnitude to view the mitochondrial
morphology and following the methods described in previous
report (Alkhateeb et al., 2021). All chemical agents used in the
experiment were retrieved from Sigma (USA).

2.6 Measurement of glucose uptake

2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-
D-glucose (2-NBDG) was used to treat SW1417 cells for 30 min,
after lemongrass extract-treatment for 24 h. SW1417 colon
cancer cells glucose uptake was assayed using flow cytometry
(Becton-Dickinson, San Jose, CA).

2.7 Determination of (ROS)-Reactive Oxygen Species
production

Subcellular ROS was examined fluorometrically by estimating
the of a non-fluorescent test 2,7-dichloro-fluorescein diacetate
(DCF-DA) oxidation to a fluorescent metabolite dichlorofluorescein
(DCF) via mitochondrial ROS just as depicted beforehand with
slight adjustments (Elbekai et al., 2004). Gathered cells were
suspended in 500 mL of PBS and mixed in with 10 mM (last
centralization) of dichloro-dihydro-fluorescein diacetate (DCFH-
DA) for 20 min at 37 °C. The cells suspension was deposited at
1200 rpm for 5 min. Therefore, the cells were washed thrice with
500 mL of Phosphate-Buffered Saline (PBS)/pellet to evacuate
excess DCFH-DA. The ROS level was tested by flow cytometry
(Becton-Dickinson, San Jose, CA).

2.8 RNA extraction and cDNA synthesis

All out RNA was separated utilizing Invitrogen-TRI-zol
reagent as indicated by the maker’s guidelines and evaluated by
estimating the absorbency at 260 nm. The quality of RNA was
controlled by estimating 260/280 proportions. From that point,
the synthesizing of the cDNA-strand was produced utilizing
the High-Amplitude cDNA turn around interpretation pack
(Applied Biosystems) as indicated by the maker’s directions
(Zordoky et al., 2008).

2.9 Measurement of mRNA expressions by Real-Time
Polymerase Chain Reactions (RT-PCR)

The primers were utilized in the present examination
(Table 1) were bought from (Invitrogen, USA). Measure controls
were consolidated in separated wells but onto a similar plate,
to be more specific. All the samples and controls were run in
triplicates on an ABI 7500 Fast Real-time PCR. The quantitative

Table 1. The sequence of primers.

Gene Forward primer Reverse primer

HO-1 ATGGCCTCCCTGTACCACATC  TGTTGCGCTCAATCTCCTCCT
NQO1 CGCAGACCTTGTGATATTCCAG CGTTTCTTCCATCCTTCCAGG
B-actin GCACCACACCTTCTACAATG TGCTTGCTGATCCACATCTG

Food Sci. Technol, Campinas, 43, 94522, 2023



Alwaili

RT-PCR data was breaking down by a near edge (Ct) strategy,
and the overlap acceptances of treated examples were contrasted
and the untreated examples. Relative quality expression (i.e.,
AACT) strategy as earlier outlined was used to analyse the data
on the RT-PCR (Livak & Schmittgen, 2001). -actin was utilized
as an interior reference gene to standardize the declaration of
the selected genes.

2.10 Statistical analysis

Analytical examinations were performed by use of SigmaStat
programming adaptation 3.5 (Systat Software, San Jose, CA,
USA). Quantitative outcomes were presented as mean standard
deviations. Esteems of p being lower than 0.05 were deemed
statistically imperative.

3 Results

3.1 Effect of lemongrass leaves extract on SW1417 cell
proliferation

To determine the ability of lemongrass leaves extract to
inhibit growth and proliferation of SW1417 colon cancer cells
were treated with steadily increasing concentrations of lemongrass
leaves extract (0, 50, 100, 150 and 200 pg/mL) for 24 h, after
which cell reasonability and expansion were determined using
MTT assay. Figure 1 exhibits that endurance of SW1417 cells
were altogether diminished after incubation with lemongrass
leaves separate in a focus subordinate way when contrasted with
untreated SW1417 cells (Figure 1), proposing that lemongrass
leaves extract is tumor cell selective. The determined IC, for
lemongrass leaves extract is around 150 ug/mL.
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Figure 1. Cytotoxicity assessment by MTT assay on SW1417 colon
cancer cells exposed to various concentrations of lemongrass leaves
extract for 24 h. Stars indicate statistically significant differences of
cytotoxicity and cell viability assessment between the concentrations
(0, 50, 100, 150 and 200 pg/mL). Values are put as percentages of the
control (mean + SEM, n = 5) **P < 0.001, **P < 0.01, *P < 0.05 in
comparison to the control (0 pg/mL).
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3.2 Impact of lemongrass extract on mitochondrial morphology

During the study, the mitochondrial morphology (MM)
has been investigated utilizing the Biotium stain in relation to
living SW 1417 cells covering both treated and non-treated cells.
The special effect was obtained by applying lemongrass extract
at five separate doses, namely (0, 50, 100, 150 and 200 pg/mL)
throughout 24-hour processing. Non-treated SW1417 cells
manifested standard structure with non-affected mitochondrial
conditions; however, upon adding lemongrass extract, MM was
visibly modified demonstrating an elevation in the fragmentation
effects as well as punctiform colonial morphology. This happened
supposedly due to recorded mitochondrial damage that caused
an elevation in the consistencies of lemongrass extract in the
processed SW1417 cells. Technically, the top mitochondrial
damage was noticed at doses 100, 150 and 200 pg/mL (Figure 2).

3.3 Glucose uptake inhibition

During glucose metabolism, ATP production and cell
proliferation, both are significant in cell growth. Nevertheless,

Figure 2. The effect of lemongrass extract on SW1417 cells showing
abnormal shape of nuclei by (Hochest 33342-blue stain) and mitochondrial
fusion by (100 nM MitoView™ 405- Blue stain). A) represents untreated
SW1417 cells with normal structure and undamaged mitochondrial status.
In contrast, other SW1417 cells were treated by lemongrass extract had
mitochondrial changes in shape with fragmented patterns and punctiform
morphology when SW1417 cells treated at four different concentrations
(50, 100, 150 and 200 pg/mL) as seen in B, C, D, and E respectively.



Anticancer effect of lemongrass against colon cancer

if glucose absorption was inhibited there is a subsequent of
cell growth suppression. We discovered that the uptake of
glucose (2-NBDG) uptake was affected by lemongrass extract.
The glucose take-up restraint was eased by a dose-subordinate
way in SW1417 cells with lemongrass extract for 24 hours as
shown in (Figure 3).

3.4 Effect of lemongrass extract on the expression of

oxidative stress genes and ROS production in SW1417 cells

To examine if lemongrass extract interceded oxidative stress,
we determined the capacity of lemongrass extract to balance the
declaration of oxidative pressure genes in SW1417 human colon
cancer cells. Consequently, SW1417 cells were treated with same
convergence of lemongrass extract for 24, from that point ROS
creation and NQOI and HOI mRNA levels were estimated by DCF
and RT-PCR measure, respectively. Our outcomes demonstrated
that lemongrass extract essentially expanded the ROS creation at
all concentrations with a most extreme acceptance of 3, 6,9 and
10-overlays accomplished by 100, 150 and 200 pg/mL of lemongrass
extract, respectively (Figure 4). While it fundamentally initiated
HO-1mRNA levels in SW1417 cells in a fixation subordinate way
(Figure 5a) nonetheless; actuated HO-1 mRNA levels just at the
most noteworthy concentrations tried (150 and 200 pg/mL) for 24 h.
Interestingly, increasing the concentrations of lemongrass extract
was associated with decrease the mRNA levels of NQOI except
the first concentration of lemongrass extract (50 pg/mL) which
recorded significant (P < 0.05) increase in the gene expression
of NQOI (Figure 5b).

4 Discussion

The prominent cultivation of lemongrass (Cymbopogon spp.)
relies on the pharmacological incentives of its essential oil.
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Figure 3. Restraint of glucose take-up was measured by flow cytometry
on SW1417 colon cancer cells that were treated by four concentrations of
lemongrass leaves extract for 24 h. Stars indicate statistically significant
differences of the values based on the concentrations (0, 50, 100, 150 and
200 pg/mL). Values were recorded as mean + SEM, (n = 5) ***P < 0.001,
**P <0.01, *P < 0.05 contrasted with control (0 ug/mL).

Lemongrass essential oil (LEO) carries a significant amount
of numerous bioactive compounds, such as citral (mixture
of geranial and neral), isoneral, isogeranial, geraniol, geranyl
acetate, citronellal, citronellol, germacrene-D, and elemol, in
addition to other bioactive compounds. These components confer
various pharmacological actions to LEO, including antifungal,
antibacterial, antiviral, anticancer, and antioxidant properties
(Mukarram et al., 2022; Pan et al., 2022).

The outcomes from the phytochemical subjective examination
of lemongrass extract demonstrated that most of the credited
bioactivty, as cancer prevention agent has been ascribed to its
compounds (e.g. citral and b-myrcene) have shown antioxidant and
antigenotoxic/antimutagenic activities against different mutagens
(Bidinotto et al., 2011; Rao et al., 2009; Rabbani et al., 2006).

The findings showed that the treatment with lemongrass
extract reduced the cell viability of SW1417 cells were gradually
with increase the concentrations of lemongrass extract, especially
after the dose 100 pg/mL of this extract in comparison to the
control (0 pg/mL), the decrease in the number of living cells is
due to glucose uptake inhibition that affects ATP production and
cell proliferation, both are significant in cell growth. Nevertheless,
if glucose absorption was inhibited there is a subsequent of cell
growth suppression, apoptotic genes and oxidative stress activation,
and intracellular ROS accumulation (Alkhateeb et al., 2021;
Manosroi et al., 2006). Moreover, significantly high ROS levels
in mitochondria can result in free radicals attacks on membrane
phospholipids that go before mitochondrial film depolarization.
Mitochondrial depolarization, viewed as an irreversible advance in
apoptosis (Manosroi et al., 2006). The improvement of ROS creation
prompted expanded apoptosis occasions (Figure 2). Provided that
mitochondrial morphology influences imbalances in energy and is
ceaselessly changed via fission and fusion events, tight coordination
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Figure 4. ROS creation in SW1417 cells was treated for 24 h with different
groupings of lemongrass leaves extract (0, 50, 150, and 250 pug/mL)
for 24 h. DCF arrangement was estimated fluorometrically utilizing
excitation/outflow frequencies of 484/535 nm. Values were introduced
as means + SEM, (n=10). **P < 0.001, **P < 0.01, *P < 0.05 contrasted
with control (0 ug/mL).
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Figure 5. Effect of lemongrass leaves extract on oxidative pressure genes HO-1 (a) and NQO!I (b) mRNA levels in SW1417 cells treated for 24 h
with different concentrations of lemongrass leaves extract (0, 50, 100, 150, and 200 pg/mL). From there on, the mRNA levels of HO-1 and NQO!
were measured utilizing RT-PCR and standardized to B-actin housekeeping gene. Data were recorded as means = SEM (n = 5) of three free
investigations. ***P < 0.001, **P < 0.01, *P < 0.05 contrasted to untreated cells (0 pg/mL).

betwixt inter-organelle interactions and mitochondrial dynamics
is vital. Mitochondrial splitting outcomes in a disabled insulin-
subordinate glucose take-up (Hsu et al., 2015). Apoptosis is a
firmly controlled procedure heavily influenced by a few flagging
pathways, for example, mitochondrial pathways and caspases
(Bonora et al., 2021). Apoptosis induction with ROS generation
by malignant growth chemoprotective agents, for example,
doxorubicin (Elbekai et al., 2004), incites disease cell passing as
well as purposes DNA harm and genomic insecurity (George et al.,
2021; Elbekai et al., 2004; Zordoky et al., 2008). Nevertheless, a large
portion of these malignant growth chemoprotective treatments
are cytotoxic and their utilization is related to toxicities. Thus, the
generation of new chemopreventive specialists ready to repress
cell expansion and actuate apoptosis in malignant growth cells
however with less or no reactions is significant and foreseen.
Along these lines, to display the in vivo circumstance, human
colon malignancy SW1417 cell lines were utilized in the present
examination to anticipate human reactions to lemongrass extract
by researching the limit of this extract to hinder SW1417 cells
development and expansion and investigate the job of apoptosis
in lemongrass extract extricate—interceded impact. These data
are consistent with a recent study that applied the lemongrass
extract to APC™™* transgenic mice and led to the reduction of
intestinal tumors using oral administration lemongrass extract
(Ruvinov et al., 2019), this study showed that the lemongrass
extract was well tolerated and effective at inhibiting colon cancer
xenograft growth in mice. The effect of lemongrass leaves extract
on oxidative pressure gene HO-1 mRNA level in SW1417 cells
were treated for 24 h with different concentrations (0, 50, 100,
150, and 200 pg/mL), showed significant increase with increasing
the concentrations which consistent with the data reported in
(Alkhateeb et al., 2021).

Furthermore, NQO1 mRNA levels in SW1417 cells
treated for 24h with different concentrations of lemongrass
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leaves extract (0, 50, 100, 150, and 200 pg/ mL) and recorded
significant increase at only the first concentration of lemongrass
extract (50 pg/mL) followed by nonsignificant and gradually
decrease in the gene expression at (100, 150 and 200 pg/mL)
with increasing the concentrations, these data indicated that
the higher concentrations of lemongrass extract returned the
levels of NQOI gene expression to the normal lower levels.
Yang et al. (2022) reported that the analysis of NQOI mRNA
gene expression indicated 50-fold higher levels in untreated
liver tumors and in the tissue surrounding the tumors of
patients with hepatocarcinoma than in normal individuals
(Yang et al., 2022). Also, previous studies presented that
NQOI gene expression is elevated in some human cancers
such as breast, colon, and lung and colorectal cancer before
applying the treatment (Licznerska et al., 2021; Mizumoto et al.,
2019; Preethi et al., 2022; Yadav et al., 2018; Yang et al., 2022).

5 Conclusion

The findings of the present study indicate that lemongrass
extract showed a potential anticarcinogenic activity (i.e. suppressing
effect) in vitro using human colon cancer cell line (SW1417) by
inducing mitochondrial fission, ROS production, and apoptosis
in addition to glucose uptake inhibition. However, these results
require further testing to identify whether or not these findings
will be happened in healthy cell lines and further investigations
for its potential contributions as a cancer treatment for other
types of cancer, prevention, and prevention of relapse.
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