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5-Fluoraracil (5-FU) is a common chemotherapy drug, but its toxicity is considered a
big obstacle to successful cancer chemotherapy. Oxidative stress plays an important role in
5-FU toxicity. Plant compounds reduce the damage caused by oxidative stress. This study
aimed to explore the potential protective effects of lemongrass essential oil (LG) on
intestinal tissue damage caused by 5-FU. Forty-eight mice were divided into six groups
including control, 5-FU (200 mg/kg, IP), 5-FU (200 mg/kg, IP along with LG (125, 250, and
500 mg/kg, PO), and LG alone (500 mg/kg, PO) for six days. On the seventh day, serum and
intestinal tissue samples were collected. The histopathological analysis of the intestine
tissues revealed that a single dose of 5-FU led to degenerative damage, destruction of the
epithelium, shortened villi length, and edema in the small intestine. It also caused a
significant increase in serum (malondialdehyde) MDA levels, and a notable reduction in
superoxide dismutase (SOD) and catalase serum levels. Oral administration of LG,
particularly at doses of 250 and 500 mg/kg, significantly mitigated the severity of these
lesions and serum marker alterations. Importantly, the study observed that administering
a high dose of LG did not induce any pathological effects in the intestine tissue or serum.
LG oil offers protective effects against 5-FU-induced damage in the mice intestine and
serum biochemical changes, which can help reduce oxidative damage caused by free
radicals generated by 5-FU.
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Introduction

progress, extent of the disease, and the patient's
condition.
Cancer is initially treated with 3 main methods:

Currently, cancer is one of the main causes of death
in the world with a high prevalence. Chemotherapy is
one common treatment, during which different
chemicals are prescribed to patients and each drug
works on different phases of the cell cycle, which is
why it leads to severe side effects (Hanahan and
Weinberg, 2011). Cancer treatment includes a series
of strategies to destroy, control, or remove early or
advanced cancerous tissue. The diversity and extent of
cancer over the past years has led to the development
of several treatment methods that are used to fight
cancer, depending on the type, location, rate of

surgery, radiation therapy, and systemic therapy
(including targeted drugs, hormone therapy, and the
use of immunomodulatory drugs) (Telloni, 2017).
Fluorouracil with the chemical formula C4H3FN202 is
a prodrug that is converted into ribosyl and
deoxyribosyl nucleotide metabolites under
biotransformation. The cytotoxicity of 5-fluorouracil is
caused by its effects on both DNA and RNA. 5-
Fluorouracil (5-FU) is usually taken intravenously and
has a half-life of 10 to 15 minutes. This drug is not
prescribed orally, because due to the high levels of the
dihydropyrimidine dehydrogenase breaking enzyme in
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the digestive mucosa, up to 80-85% of the dose is
catabolized. There is a pharmacogenetic syndrome due
to partial or complete deficiency of DPD enzyme in 5%
of all cancer patients, which causes severe toxicity in
the form of bone marrow suppression, diarrhea,
nausea, vomiting, and neurotoxicity (Parker and
Cheng, 1990; lacopetta et al., 2008). 5-FU is considered
the most widely used drug in colorectal cancer both as
an adjuvant treatment and for advanced treatment.
Also, this drug is active against a wide range of solid
tumors such as breast, stomach, pancreas, esophagus,
liver, head and neck, and anal cancers. The main
toxicities are bone marrow suppression, digestive
toxicity in the form of mucositis and diarrhea, skin
toxicity in the form of hand-foot syndrome, and
neurotoxicity. Also, as can be seen from the above, 5-FU
affects the synthesis phase of the cell cycle (Longley et
al,, 2003).

Lemongrass (LG) with the scientific name
Cymbopogon citratus (C. citrates) belongs to the
Poaceae family, which is widely distributed in tropical
and subtropical regions of the world. LG is native to
India and Sri Lanka (Esmort et al, 1998). This
perennial plant grows in dense clumps; its height is 1.8
meters and its diameter is about 1.2 meters. It has long
stems and rough, thin, and long leaves with a width of
1.3-2.5 cm and a length of 90 cm, which emits a lemon-
like smell when broken (Yazdani et al, 2004). C
citrates species is widely cultivated in several Asian
and African countries due to the high amount of citral
(70-80%) in its essential oil (Robbing, 1983). This
plant is an important source of essential oil used in the
food and health industries as a flavoring and perfumer.
For this reason, it is also of interest to the
pharmaceutical industry (Adeleke et al, 2001).
Currently, the annual production of LG essential oil in
the world is about 1300 tons (Tizianna et al., 1998).
This plant has different chemical compounds that
briefly include phenolics, steroids and fatty alcohols,
tannins, flavonoids, and terpenoids (Ross, 2005). This
plant has many uses such as food, medicinal and
ornamental uses. Traditionally, this plant is used to
treat cough, flu, headache, arthritis, epilepsy, malaria,
and inflammatory diseases. The pharmacological
activities of this plant include anti-diabetic, anti-
mutagenic, anti-carcinogenic, anti-inflammatory,
antioxidant, insecticidal, anti-AIDS, anti-blood
pressure, anti-malarial, anti-skin poisoning, anti-
kidney poisoning, and antimicrobial activities
(Manvitha and Bidya, 2014).

In this study we aimed to investigate the possible
protective effect of LG oil on intestinal tissue damage
caused by 5-FU.
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Materials and Methods

Preparation of LG essential oil: The aerial parts of
young LG leaves were obtained from Mirnia Plant Farm
in Babol city, Mazandaran province, Iran. Species
confirmation was conducted by Sari Faculty of
Agriculture and Natural Resources, Mazandaran
province. Essential oil extraction was performed using
the hydrodistillation method with a Clevenger
apparatus. Gas chromatography analysis was then
carried out to identify the chemical components
present in the essential oil. For the chemical analysis of
LG essential oil constituents, an Agilent 6890 gas
chromatography-mass spectrometer was utilized. The
system consisted of a column measuring 0.25 mm x 30
m x 0.25 pm and an Agilent technologies 5973 detector
with inert MS. The oven temperature was programmed
as follows: an initial temperature of 50°C, which was
then increased at a rate of 15°C/minute until reaching
240°C, and held for 30 minutes. The samples were
dissolved in hexane, and helium was used as the
carrier gas. The injector volume was set at 1 pl, with an
injector temperature of 300°C and a split ratio of 20:1.
Both the injector and detector temperature were
maintained at 280°C. To identify the compounds
obtained, their retention times and mass spectra were
compared with standards or their retention indices
(RI) from published data. Additionally, their mass
spectra were compared with the National Institute of
Standards and Technology (NIST) library.

Preparation and maintenance of the experimental
animals: 48 male albino Swiss mice, aged two weeks
and weighing an average of 25-35 g were provided
from the Pasteur Institute in the northern region of the
country. The mice were then randomly allocated into
six groups of eight. It is important to mention that all
the experimental groups were housed in the same
room, each in separate cages, and subjected to uniform
rearing conditions, including ventilation and lighting.

The animals in the study were divided into different
groups as follows: 1) Control group was given distilled
water intraperitoneally and solvent of essential oil
orally. 2) 5-FU group was given a single dose of 200
mg/kg of 5-FU intraventricularly to induce intestinal
toxicity. 3) 5SFU+LDLG group received a low dose (125
mg/kg) of LG essential oil in addition to 5-FU for six
days. 4) 5FU+MDLG group received a medium dose
(250 mg/kg) of LG essential oil in addition to 5-FU for
6 days. 5) 5FU+HDLG group received a high dose (500
mg/kg) of LG essential oil in addition to 5-FU for six
days. 6) HDLG group received only a high dose (500
mg/kg) of essential oil for six days. On the seventh day,
blood samples were taken from the animals, and they
were euthanized using a carbon dioxide tank to collect
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tissue samples for further biochemical and
pathological investigations.

Examination of clinical symptoms and necropsy:
During the experimental period, the clinical symptoms
of the mice were carefully observed. On the seventh
day, the mice were humanely euthanized, and blood
samples were collected from their hearts.
Subsequently, histopathological samples of the
intestinal tissue were taken.

Preparation of tissue sections and histopathological
Examinations of intestinal tissue: The tissue samples
were placed in a 10% buffered formalin fixative
solution for fixation. After the fixation process, the
samples underwent various tissue processing steps,
and thin slices, 5 p thick, were prepared and stained
with hematoxylin and eosin for examination under a
light microscope. The severity of tissue damage was
qualitatively assessed and the following scores were
given to the severity of histopathological lesions: 0:
None, 1: Mild, 2: Moderate, and 3: Severe (Mirzakhani
et al, 2020). Imaging was conducted using a
microscope camera for comparison between
experimental groups.

Serum biochemical analyses: To determine the
levels of malondialdehyde in the serum of the
experimental groups, a commercial kit for
malondialdehyde analysis was used. Tissue
homogenate or standard samples were mixed with a
prepared working solution and incubated in a bain-
marie at 95°C. After centrifugation, the optical
absorption of the solution was measured at a
wavelength of 532 nm. The levels of superoxide
dismutase (SOD) and catalase enzymes were measured
following the instructions of the Navand Salamat kit
(Iran).

Statistical analyses: The results of the pathological
analyses were interpreted using Graph Pad Prism
version 8.01. Because of the semi-quantitative nature
of data obtained from histopathological changes,
Kruskal-Wallis and post hoc Dunn's multiple
comparison tests were performed. The values of
histological changes were presented as quartiles
minimum value, first quartile, median, third quartiles,
and maximum value. Biochemical results were
analyzed using SPSS software version 24, with results
reported as mean and standard deviation. One-way
ANOVA and Tukey's post hoc test were used to assess
differences between experimental groups.

Results
Gas chromatography-spectroscopy: The gas

chromatography-mass spectrometry results of LG
essential oil were presented in Table 1. It is evident

that geranial and neral, two isomers of citral,
constitute 49.38% and 35.54% of essential oils,
respectively. These two compounds were the
predominant components of the essential oil, with a
combined total of approximately 85%. This indicated
that citral is a major constituent of LG essential oil.

Histopathological results: Transverse sections of
intestinal tissue were utilized to assess the protective
impact of LG essential oil on damages induced by the
chemotherapy drug 5-FU in mice.

Table 1. Chemical components of lemongrass (LG) essential
oil.

No Component? Calculated Abundance (%) ¢
RIP

1 Myrcene 991 10.64
2 (Z)-B-Ocimene 1037 0.52
3 (Z)-B-Ocimene 1056 0.26
4 Linalool 1099 0.92
5 Citronellal 1149 0.34
6 Citronellol 1225 0.61
7 Neral d 1238 35.54
8 Geranial d 1266 49.38
9 Geranyl acetate 1379 0.34

Total identified (%) - 98.55

a Compounds were listed in order of their elution from a HP-5MS
column. P Linear retention index on HP-5MS column, experimentally
determined using homologous series of Cs-C3o alkanes. ¢ Relative
percentage values were means of three determinations with a RSD%
in all cases below 10%. 4 aNeral and geranial were isomers of citral
hence when combined approximately 85 % in this study

Microscopic images were depicted in Fig. 1,
showcasing the severity of lesions presented as scores
(Fig. 2). Histopathological analysis of intestinal tissue
slides from various treatment groups revealed that a
single dose of 5-FU led to degenerative damage,
epithelial destruction, villi shortening, and edema in
the small intestine (Fig. 1B and Fig. 2). Oral
administration of LG essential oil at 125 mg/kg did not
significantly affect the severity of intestinal tissue
damage (Fig. 1C and Fig. 2). In contrast, doses of 250
and 500 mg/kg resulted in a notable reduction of these
damages. The highest protective effect was observed
with the highest dose (500 mg/kg) (Fig. 1D, Fig. 1E,
and Fig. 2). Furthermore, it was noted that
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administering LG essential oil at 500 mg/kg did not
induce any notable pathological effects in the intestine
(Fig. 1F and Fig. 2).

Biochemical Results: Biochemical analysis results of
the serum from experimental groups were presented
in Table 2. The analysis revealed an increase in
malondialdehyde (MDA) levels, a byproduct of lipid
peroxidation, in the plasma of mice treated with 5-FU.

Fig. 1. Micrographs of intestinal tissue of different
experimental groups. A- Cross-section of the intestinal tissue of the
control group B- Cross-section of the intestinal tissue treated with a
single injection dose 5- Fluorouracil (5-FU): shedding of mucus and
shortening of the intestinal villi (arrowhead) with severe edema in
the intestinal mucosa (*) C, D, and E - Cross-sections of intestinal
tissue in the groups receiving lemongrass (LG) essential oil with low,
medium and high doses, respectively, along with a single injection
dose. F: Cross section of intestinal tissue in the group receiving LG
essential oil alone: normal structure of intestinal tissue (H&E, 100 &
400x)
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oil in the 5-FU+HDLG group resulted in a significant
reduction of MDA in the serum (p < 0.05). The SOD
enzyme levels in the 5-FU and 5-FU + LDLG groups
were notably lower compared to the control group,
with statistical significance (p < 0.001) and (p < 0.01)
respectively. However, the inclusion of LG essential oil
in the 5-FU + MDLG and 5-FU + HDLG groups brought
the SOD levels closer to those observed in the control
group. The HDLG group exhibited significantly higher
SOD levels than the 5-FU group. The catalase enzyme
levels in the 5-FU and 5-FU + LDLG groups showed a
significant decrease compared to the control group,
with statistical significance (p < 0.001) and (p < 0.05)
respectively. Conversely, the catalase levels in the 5-FU
+ MDLG, 5-FU + HDLG, and HDLG groups demonstrated
a significant increase compared to the 5-FU group,
with statistical significance (p < 0.05) and (p < 0.01)
respectively.

Table 2. Effects of lemongrass essential oil in different doses
on induced serum level changes of MDA, SOD, and catalase in
mice.

5- 5-
Control |~ py i;fg FU+M | FU+H | HDLG
DLG DLG
MDA 7371 | 97.14 | 8514 | 87.61 | 7046 | 7439
(nmol/ + + + + + +
mi) 12.77 | 13.82% | 17.07> | 12.23> | 1485 | 9.88=
SOD 21624 | 20817 | 209.20 | 21239 | 213.16 | 213.58
(u/ml) + + + + + +
1.87 1225 | 410° | 1542 | 2212 | 292
Catalase 6.69 5.24 5.52 6.8 6.86 6.65
(nmol/ + + + + + +
min/mi) 0.71 0.53b | 0.40b | 0412 | 0602 | 0562

MDA: Malondialdehyde; SOD: Superoxide dismutase. a indicated
significant differences at p <0.05 in comparison to 5-FU and b
indicated significant differences at p <0. 05 in comparison to control.

Fig. 2. The results of histopathological examinations of the severity of lesions in the intestinal tissue in different experimental
groups. * Means that it was significant with the control group.  Means that it was significant with 5-FU receiving group (p < 0.05).
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Discussion

Cancer is a prevalent cause of death worldwide, and
chemotherapy is a common treatment method.
Chemotherapy drugs target different phases of the cell
cycle, leading to various acute and long-term side
effects. While some progress has been made in
managing these side effects, solutions have not been
found for all cases (Launay et al., 2007; Rosner and
Perazella, 2017; Krishnamurthi and Macaron, 2019).
The purpose of a current study was to explore the
effects of LG essential oil on the complications caused
by the chemotherapy drug 5-FU in the intestines of
mice. The study aimed to evaluate whether the
essential o0il can provide protection when used
alongside 5-FU. This study revealed that a single dose
of 5-FU led to degenerative damage, epithelial
destruction, villi shortening, and edema in the small
intestine. These findings were in line with the previous
studies (Leocadio et al., 2015; Fideles et al., 2020; Gan
et al., 2020). Oral administration of LG essential oil in
different doses could reduce the severity of the lesions
induced by 5-FU but the most significant reduction was
observed when the animals were treated with the
highest dose (500 mg/kg), although the medium dose
of the LG essential oil was also significantly effective
against the toxicity induced by 5-FU on intestinal
tissue. Similar findings were reported by researchers
about some essential oils or herbal extracts previously
(Zheng et al., 2019; Lotfi et al., 2021). The biochemical
analysis of our experiment revealed a significant
reduction in the levels of SOD and catalase along with a
notable increase of MDA amounts in the serum
following the administration of a single dose of 5-FU.
The effect of 5-FU on serum markers was consistent
with other research findings (Fideles et al., 2020; Lotfi
et al, 2021) indicating that oxidative stress is involved
in 5-FU toxicity. 5-FU-induced excessive oxidative
stress has been reported repetitively in multiple
researches (Numazawa et al, 2011; Lamberti et al.,
2012; Rtibi et al., 2018). Our analyses showed that LG
essential oil contains geranial and neral, two isomers
of citral, constitute 49.38% and 35.54% of essential
oils, this indicated that citral is a major constituent of
LG essential oil. Citral has been reported to have strong
antioxidative properties (Guimaraes et al., 2011; shi et
al., 2016). Tissue damage by toxic compounds is due to
the phenomenon of oxidative stress related to the
disruption of the balance between oxidants such as
free radicals and antioxidants. In this research,
oxidative damage induced by 5-FU was significantly
reduced in the 5-FU + HDLG group compared to the 5-
FU group, which indicates the antioxidant property of

LG essential oil which has led to inhibiting 5-FU related
free radicals’ destructive effects. Antioxidant enzymes
such as superoxide dismutase and catalase decreased
in the 5-FU group, but the levels of superoxide
dismutase and catalase increased with the
consumption of LG essential oil, which has antioxidant
properties. Therefore, it can be concluded that the
reduction of the amount of tissue damage in the
treatment groups with medium and high doses of LG
essential oil is due to the presence of antioxidant
compounds in this substance and through the
reduction of oxidative damage caused by free radicals
resulting from 5-FU.

Acknowledgment

This research has been financially supported by a
grant from the Amol University of Special Modern
Technologies, Amol, Iran.

Conflict of Interest

The authors do not have any potential conflict of
interest to declare.

References

Adeleke, A; Kasali, A and Debola, O (2001). Volatile leaf oil
constituents of Cymbopogon citratus Stapf. Flavour Fragr.
], 16:377-378.

Esmort, HC; David, RH and Dudley, IF (1998). Volatile
constituents of the essential oil of Cymbopogon citratus
stapf grown in Zambia. Flavour Fragr. J., 13: 29-30.

Fideles, LD; de Miranda, JA and Martins, CD (2020). Role
of rutin in 5-fluorouracil-induced intestinal mucositis:
prevention of histological damage and reduction of
inflammation and oxidative stress. Mol., 25: 2786-2789.

Gan, Y; Ai, G; Wu, J; Luo, H; Chen, L; Huang, Q; Wu, X; Xu,
N; Li, M; Su, Z and Liu, Y (2020). Patchouli oil
ameliorates 5-fluorouracil-induced intestinal mucositis in
rats via protecting intestinal barrier and regulating water
transport. J. Ethnopharmacol., 250: 112519.

Guimaraes, LG; dasGracas Cardoso, M; Souza, PE; de
Andrade, ] and Vieira, SS (2011). Antioxidant and
fungitoxic activities of the lemongrass essential oil and
citral. Rev. Cienc. Agron., 42: 464.

Hanahan, D and Weinberg, RA (2011). Hallmarks of cancer:
the next generation. Cell,, 144: 646-674.

Iacopetta, B; Kawakami, K and Watanabe, T (2008).
Predicting clinical outcome of 5-fluorouracil-based
chemotherapy for colon cancer patients: is the CpG island
methylator phenotype the 5-fluorouracil-responsive
subgroup? Int. J. Clin. Oncol., 13: 498-503.

Krishnamurthi, SS and Macaron, C (2019). Management of
acute chemotherapy-related diarrhea. Up-to-date.
Accessed August. 2019; 5.

Lamberti, M; Porto, S; Marra, M; Zappavigna, S; Grimaldi,

67



Mirzakhani et al., 2024

A; Feola, D; Pesce, D; Naviglio, S; Spina, A; Sannolo, N
and Caraglia, M (2012). 5-Fluorouracil induces
apoptosis in rat cardiocytes through intracellular
oxidative stress. J. Exp. Clin. Cancer Res., 31: 1-8.

Launay-Vacher, V; Oudard, S and Janus, N (2007).
Prevalence of renal insufficiency in cancer patients and
implications for anticancer drug management: the renal
insufficiency and anticancer medications (IRMA) study.
Cancer,, 110: 1376.

Leocadio, PC; Antunes, MM and Teixeira, LG (2015). L-
arginine pretreatment reduces intestinal mucositis as
induced by 5-FU in mice. Nutr. Cancer., 67: 486-493.

Longley, DB; Harkin, DP and Johnston, PG (2003). 5-
fluorouracil: mechanisms of action and clinical strategies.
Nat. Rev. Cancer, 3: 330-338.

Lotfi, M; Kazemi, S and Shirafkan, F (2021). The protective
effects of quercetin nano-emulsion on intestinal
mucositis induced by 5-fluorouracil in mice. BBRC., 585:
75-81.

Manvitha, K and Bidya, B (2014). Review on
pharmacological activity of Cymbopogon citratus. Int. J.
Herb., 1: 5-7.

Mirzakhani, N; Farshid, AA; Tamaddonfard, E; Tehrani, A
and Imani, M (2020). Comparison of the effects of
hydroalcoholic extract of Capparis spinosa fruit, quercetin
and vitamin E on monosodium glutamate-induced
toxicity in rats. Vet. Res. Forum.,11: 127-134.

Numazawa, S; Sugihara, K; Miyake, S; Tomiyama, H; Hida,
A; Hatsuno, M; Yamamoto, M and Yoshida, T (2011).
Possible involvement of oxidative stress in 5-
Fluorouracil-mediated myelosuppression in mice. Clin.
Toxicol.,108: 40-45.

Parker, WB and Cheng, YC (1990). Metabolism and
mechanism of action of 5-fluorouracil. Pharmacol. Ther,
48:381-395.

Robbing, SR] (1983). Selected Markets for the Essential oils of
lemongrass, Citronella and Eucalyptus. Tropical Products
Institute Report. G171. London Press. PP: 13.

Rosner, MH and Perazella, MA (2017). Acute kidney injury
in patients with cancer. NEJM., 376: 1770-1781.

Ross, IA (2005). Medicinal Plants of the World. 2th Ed.
Humana Press. PP: 263-281.

Rtibi, K; Selmi, S; Grami, D; Amri, M; Sebai, H and
Marzouki, L (2018). Contribution of oxidative stress in
acute intestinal mucositis induced by 5 fluorouracil (5-
FU) and its pro-drug capecitabine in rats. Toxicol. Mech.
Methods., 28: 262-267.

Shi, C; Zhao, X; Liu, Z; Meng, R; Chen, X and Guo, N (2016).
Antimicrobial, antioxidant, and antitumor activity of
epsilon-poly-L-lysine and citral, alone or in combination.
FNR, 60: 31891.

Telloni, SM (2017). Tumor staging and grading: A primer.
Methods. Mol. Biol., 1606: 1-17.

Tiwari, M; Dwivedi, UN and Kakkar, P (2010). Suppression
of oxidative stress and pro-inflammatory mediators by
Cymbopogon citratus D. Stapf  extract in
lipopolysaccharide stimulated murine alveolar
macrophages. Food Chem. Toxicol., 48: 2913-2919.

Tizianna Baratta, M and Giuseppe, R (1998). Antimicrobial
and antioxidant properties of some commercial essential

68

oils. Flavour Fragr. J., 13: 235-244.

Uchida, NS; Silva-Filho, SE and Aguiar, RP (2017).
Protective effect of Cymbopogon citratus essential oil in
experimental model of acetaminophen-induced liver
injury, Am. ]. Chin. Med., 45: 1-18.

Yazdani, D; Rezazadeh, S and Shahabi, NA (2004). Volatile
oil constituents of Lemon grass (Cymbopogon citratus
Stapf) cultivated in north of IRAN. ]. Med. plant,, 3: 69-74.

Zheng, H; Gao, ] and Man, SH (2019). The protective effects
of Aquilariae Lignum Resinatum extract on 5-Fuorouracil-
induced intestinal mucositis in mice. Phytomed., 54: 308-
317.



