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Abstract: This work investigated the antioxidant and hepatoprotective activities
of lemongrass extract and its effects on rat hepatotoxicity. The lemongrass extract
(LGE) contains bioactive components such as phenolic acids, flavonoid components,
vitamin C, fibers, and tannins. The LGE had high phenolic content (397 mg/100g) and
flavonoids (164 mg/100g), influencing its antioxidant activity of 91.25%. Additionally, it
inhibited 81% of breast cancer, also, inhibited the growth of pathogenic bacteria and
Candida at a concentration of 20-40 pg/mL. Additionally, it inhibited SARS-Cov-2 by
75%; however, increasing the activity of Cas-3. Quercetin-3-rhamnoside was the main
phenolic compound in the HPLC profile; the phenolic compounds may be attributable to
the beneficial effects of LGE. In this study, the CCl,-challenged rats delivered two levels
of LGE (100 and 300 mg/kg BW). LGE reduced ALT, AST, creatinine and urea by 50 and
37%, respectively. Generally, LGE mitigated the oxidative stress induced by CCl,, which
is evident in the histology of liver and kidney tissues, where significant improvement,
with no cytoplasmic degradation in undamaged liver hepatocytes, improved kidney
performance and shape. It can be concluded that polyphenolic-rich LGE can mitigate
the oxidative stress induced by CCl, and other parameters while enhancing kidney and
liver performance.

Key words: Antioxidant, antimicrobial, oxidative stress, blood lipid profile, hepatotoxicity.

membrane permeability, receptor orientation,
and cell lysis are strong contenders for free

Free radicals or oxidative damage are the core
cause of various neurologic and other human
illnesses (Akbari et al. 2022). Numerous human
disorders, such as cancer, Alzheimer, cataract,
stroke, liver and kidney cancer, coronary heart
disease, arthritis, and aging, are associated
with high exposure to chemicals that generate
free radicals or high accumulation of synthetic
free radicals in human cells (Akbari et al.
2022). Unsaturated fatty acids contributing to

radical reactions (Yammine et al. 2020). Free
radicals cause damage to enzymes containing
sulfur and other proteins, resulting in the
denaturation, inactivation, and cross-linking of
enzymes and proteins. DNA damage can result
in mutations that may be cancerous (Tvrda et
al. 2022). Oxidative damage to carbohydrates
can change any receptor function, including
hormone and neurotransmitter responses
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(Jakubczyk et al. 2020). Reactive oxygen species (ROS), such as superoxide anion (02-), hydrogen
peroxide (H,0,), and hydroxyl radical (HO-), cause lipid oxidation and peroxidation after attacking
polyunsaturated fatty acids in cell membranes of living systems, which is directly associated with
aging and carcinogenesis (Liu et al. 2022). Under standard physiological settings, tissues and cells
contain minimal lipid peroxidation products. However, the damaged cells produced more lipid
peroxidation products under oxidative stress into the serum, causing more damage to other cells
(Shahidi & Ambigaipalan 2015).

The main field of application of natural products is in the prevention of oxidation of animals
and their derivatives (Ebrahim et al. 2020, Bilal et al. 2021, Alagwany et al. 2021). Extra antioxidants
from natural sources, such as plants, effectively guard against oxidative stress, leading to more food
makers substituting natural antioxidants for synthetic antioxidants. As a result, natural additives have
received considerable interest as they pose no threat to consumer health (Butnariu & Grozea 2012).
The antioxidant defense system against free radical reactions contains enzymatic and nonenzymic
compounds, some of which may be produced only in plants and could be received through food
(Adebooye et al. 2008, El-Ashry et al. 2022). Natural antioxidants in leafy greens play an essential role
in preventing free radical damage (Ashour et al. 2020, Swelum et al. 2021, Abd El-Hack et al. 2022 a, b).
Various epidemiological studies have linked meals high in phenolics with considerable antioxidant
potential to a reduced risk of coronary heart disease., diabetes, cancer, and neurological illnesses
(Adebooye et al. 2008, Saad et al. 2021b, El-Saadony et al. 2022).

Lemongrass is high in carbohydrates, protein, vitamins, minerals, and a small amount of fat (Muala
et al. 2021). Alcohols, terpenes, aldehydes, ketones, esters, flavonoids, and phenolic substances, such
as iso-orientin, quercetin, luteolin, kaempferol, apigenin, and tannins, have been found in lemongrass
Cymbopogon citratus leaves (Muala et al. 2021). Antihypertensive, antioxidant, hypoglycemia, anti-
diabetic, anti-inflammatory, anti-amoebic, antibacterial, anti-filarial, antifungal, anticancer, and anti-
mutagenicity characteristics are some of the pharmacological effects of Cymbopogon citratus leaf
(Zulfa et al. 2016, Muala et al. 2021, Pan et al. 2022).

Diuretics such as lemongrass decoction and infusion treat gastrointestinal spasms, food
poisoning, rheumatism, anorexia, and digestive issues (Mohamed et al. 2017). According to Koh et
al. (2012), the ethanol extract of C. citratus may be employed as a medicinal treatment to protect
the hepatic tissue from oxidative stress destruction. Also, fortification of lemongrass toast at levels
5 and 10%, then feeding mice, resulted in significant decreases in markers of kidney (creatinine
and urea), liver functions (Alanine aminotransferase-ALT, Alkaline phosphatase-ALP, and Aspartate
aminotransferase-AST), and lipid profile (total cholesterol-TC and triglyceride-TG) in serum, which
proves that lemongrass improves kidney and liver health in sick rats (Radwan & Elmaadawy 2022).
No findings included in vitro and in vivo studies of lemongrass application; therefore, this study
investigates lemongrass extract's antioxidant, anticancer, antiviral, and antimicrobial activity and
estimates the phenolic compounds by HPLC. The ability of lemongrass (Cymbopogon citratus) to
change oxidative stress indicators and preserve liver and kidney function in CCl,- rats harmed by
hepatotoxicity was studied in vivo.
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MATERIALS AND METHODS
Ethical Approval

The animal study has been reviewed and approved by ZU-IACUC committee. was performed in
accordance with the guidelines of the Egyptian Research Ethics Committee and the guidelines
specified in the Guide for the Care and Use of Laboratory Animals (2022). Ethical code number
ZU-IACUC/2/F/394/2022.

Distinguishing materials

Serum total protein, cholesterol, liver enzymes, creatinine, urea, LDL, HDL, and triglyceride kits
were obtained from ELIPSE, United Diagnostic Industry, Dammam, Saudi Arabia. 2,2-diphenyl-1-
picrylhydrazil, carbon tetrachloride, Folin-Ciocalteu reagent, gallic acid, quercetin standards,
aluminum chloride hexahydrate, thiobarbituric acid, and propane 1,,3,3-tetra methoxy were acquired
from Sigma company (USA). Figure (1) shows a graphical experimental design.

Preparation of lemongrass ethanolic extracts (LGE)

Cymbopogon citratus leaves were taken from a plantation in the Hail region of Saudi Arabia in
October 2020. The leaves were rinsed under running water, cut into 2 cm pieces, dehydrated at 60 °C

Lemongrass leaf powder

Aqueous extraction

Antioxidant
Total phenolics Anticancer
Analvsi Activities
HPLC phenolic profile e « - Antimicrobial

Total flavonoids Antiviral

Lemongrass leaf extract (LGE)

CCls injection

S —-
Dietary LGE supplementation
100 mg/kg, 300 mg/kg

Reduced the
hepatotoxicity of CCl4

Normal histology compared to control

Enhance liver and kidney
Biomarkers

Enhanced growth
performance

Figure 1. Graphical experimental design.
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for three hours, ground, and sieved using a T mm sieve, packaged, and stored at 40°C. Lemongrass
has been certified and verified as non-toxic by the Plant Production and Protection Department at
Qassim University, Saudi Arabia. The lemongrass powder was stirred in 70% ethanol for three days
at 150 rpm. The mixture was then filtered and evaporated the solvent using a rotary evaporator. The
concentrated filtrate was then lyophilized to remove any remaining solvent. The extract was dark until
the polyphenols, tannins, and flavonoid content were analyzed (Falah et al. 2015).

Polyphenolic content in LGE

Total phenolic and flavonoids content

The Folin-Ciocalteu reagent was used to measure the total polyphenols (TPs) in lemongrass extract
(LGE) (Wolfe et al. 2003). The OD of yellow or purple color was estimated at 750 nanometers. The TPC
was given in mg of gallic acid (GA)/g of LGE and was calculated using the standard curve of gallic acid.

y = 0.0201x + 0.0439, R* = 0.9968 (1)

The AlCL, technique calculates TFs as quercetin equivalents (QE) (Saad et al. 2021a), whereas At
450 nm, the OD was detected using the QE standard calibration equation

y = 0.0144x - 0.0092, R? = 0.9985 (2)

Phenolic compounds profile by HPLC

The HPLC Agilent 1200 series includes an auto-sampler, a quaternary pump, and a separation column
(Zorbax-0D, 4.6x250 nm, 35°C) using a 1 mL/min mobile phase flow rate and a multiwavelength
detector tuned at 330 and 280 to detect flavonoids and phenolic compounds, respectively and
degasser. The phenolic and flavonoid compounds of Cymbopogon citratus ethanolic extracts were
identified by HPLC, according to Saad et al. (2021a).

In vitro biological activities of LGE

Antioxidant

The LGE (50, 100, 150, 200, 250, and 300 ug/mL) The ability of lemongrass extract (LGE) to scavenge
the DPPH free radicals was tested. First, 100 microliters (uL) of LGE were added to 100 uL of DPPH
in a microtiter plate. The mixture was left in a dark place for 30 minutes. The absorbance of the
solution at 515 nanometers (nm) was then measured using a BioTek microtiter plate reader (USA). The
following equation applied the data to calculate antioxidant activity and IC50.

Control absorbance - sample absorbance

% Antioxidant activity = B —— X 100 (3)
ontrol absorbance

Cytotoxicity Effects

The sulforhodamine B assessed the viability of MCF-7 breast cancer cells. Cancer cells were cultivated
in 100 pL of culture medium without the LGE for a day. Another 100 pL of culture medium was

An Acad Bras Cienc (2024) 96(3) €20230646 4 | 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

supplemented with various doses of lemongrass extract (LGE) (50, 100, 150, 200, 250, and 300 pg/mL)
under the same conditions.

The samples were fixed in 150 pL of 10% TCA for 1 h at 4°C, then washed several times with
deionized water. Each well received a 0.4 percent SRB solution (70 uL), and the plate was kept
in a dark place for 5 min, followed by washing with 1% acetic acid and air-dried overnight. The
protein-bound SRB dye was dissolved in 150 pL of 10 mM Tris-HCl, and the OD of the resultant color
was measured using a microtiter plate reader at 540 nanometers (nm) (BioTek EIx808, USA). The
lowest LGE concentration that caused a 50 percent decrease in OD refers to (LC50) which was also
calculated (Bahuguna et al. 2017).

Antimicrobial

The antimicrobial activity of LGE concentrations was performed against various bacterial and fungal
strains. The tested strains were cultivated overnight at 37 °C in a shaking incubator with MHB to
obtain 1 x 10° colony-forming units (CFUs) per mL. The disc diffusion method was then used to assess
the antibacterial activity of the lemongrass extract (LGE). The spread plate approach infused the Petri
plates with 100 uL active strains. Paper discs (6 mm) that had previously been moistened with LGE
(50, 100, 150, 200, 250, and 300 pg/mL) were placed on the plates’ surface. The plates were incubated
at 37 degrees Celsius for 24 hours. The diameter of the inhibition zones surrounding the disks was
then measured using a ruler in millimeters (mm). The results were compared to those obtained with
levofloxacin, used as a positive control (El-Saadony et al. 2021)

Antiviral activity

The antiviral activity of LGE concentrations was performed against the binding between SARS-Cov-2
and Angiotensin-converting enzyme 2 (ACE-2). The antiviral activity was performed according to
Alsubhi et al. (2022).

In vivo Experimental Layout

Thirty-two rats (160-180g) were obtained from King Saud University, KSA, and allocated randomly into
four groups of 8 animals. The groups were
The rats were fed a basal diet without additions as a negative control.
As a positive control, the rats were intraperitoneally administered a single dose of CCl, (2 ml/kg-1
b-wt.).

Rats were given CCl, and Cymbopogon citratus extract (100 mg/kg-1 b-wt.).

Rats were given CCl, and Cymbopogon citratus (300 mg/kg-1 b wt.).

The treatments were administered for four weeks. At the end of the trial, rats were humanely
euthanized, and liver and kidney specimens were surgically removed. The blood was drawn from
the retro-orbital vein. Biochemical tests were done on liver function, total protein, total lipids,
cholesterol, TG, malondialdehyde (MDA), and renal function.

Biochemical Examination

The levels of liver enzymes ALT, AST total protein, and albumin were evaluated using the (Schumann
& Klauke 2003) method. Reduced glutathione (GSH) in serum was quantified using (Beutler 1994).
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The Malondialdehyde (MDA) was measured as the thiobarbituric acid (TBA) reactive according to
Beutler (1994). The kidney markers, urea, and creatinine were measured (Bulut et al. 2013). Total
cholesterol, low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol
were determined using the enzymatic colorimeter method (Armbruster & Lambert 1996). TG were
determined using the method of (Devi & Sharma 2004).

Histological examination

Histopathologic samples were taken from the slaughtered rats’ livers and kidneys that were preserved
in a 10% formalin saline solution for at least 10 h before being rinsed for 12 h in tap water. Before
the tissue samples were kept in paraffin, they were rinsed with xylene. Under an optical microscope,
hematoxylin and eosin were used to stain tissue slices on slides for histologic analysis (Bancroft &
Gamble 2008).

Statistical evaluation

ANOVA was used to explore the variation between the data means with a confidence level of 95% on
the triplicate findings. LSD was employed as a post-hoc test to compare the significant differences
between findings mean. The statistical evaluation was conducted by SPSS 23.0 software.

RESULTS AND DISCUSSION
Proximate chemical structure of Cymbopogon citratus leaf

The herbal extract standard for certifying crude powdered plant materials is closely examined. The
chemical compositions of Cymbopogon citratus powder leaf were determined in this study, including
moisture content, ash, water-soluble ash, crude fat, crude fiber, and crude protein, as results are
presented in Table I, moisture (13.00+2.92 %), ash (7.63+ 0.23 %), crude protein (4.45+ 013 %), crude fat
(2.44% 0.58 %), and crude fiber (29.40 +1.03 %) respectively. The findings agree with Nimenibo-Uadia &
Nwosu (2020), but on a fresh basis, the leaves contained protein, ash, lipids, fiber, carbohydrates, and
moisture at 15.86, 9.40, 6.90, 1.00, 66.54, and 72.95%, respectively.

Polyphenol components in lemongrass leaf extract

Total phenolics and flavonoids

Polyphenol molecules are important plant components with antioxidant properties due to their redox
properties. The hydroxyl groups found in plant extracts facilitate the scavenging of free radicals. The
antioxidant effect of a crude ethanol extract of Cymbopogon citratus leaf was determined using free
radical scavenging antioxidant power tests. The findings were represented in gallic acid equivalents/g
DW (Table 11). Flavonoids are secondary metabolites with antioxidant activity that varies with the
amount and position of OH groups. In ethanol extracts, total phenolic components, flavonoids, and
radical scavenging activities were 397 mg GAE/100g, 164 mg QE/100g, and 91.25%, respectively.

Many factors affect Polyphenol content in raw plants, including genotype, ambient conditions,
altitude, light, temperature, and the quantity of nutritional material in the soil (Kostic et al. 2012).

An Acad Bras Cienc (2024) 96(3) €20230646 6 | 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

Table I. Chemical composition of Cymbopogon citratus leaf.

Parameters Concentration g/100g
Moisture 13.03+1.23
Water soluble ash 6.24+013
Total ash 7.52+0.21
Crude fiber 29.63+1.23
Crude protein 456011
Crude fat 2.46+0.44

Table Il. Polyphenols, flavonoid compounds in LGE.

Items Concentrate
Total phenolic compounds (mg GAE/100g) 397+6.8
Total flavonoids (mg QE/100g) 16410+3.3

Identification of polyphenolic compounds by HPLC

Extraction techniques and solvents are responsible for dissolving the plant's endogenous
components. Furthermore, plant components might be either polar or nonpolar. Because phenolic
compounds include a hydroxyl group, they are more soluble in polar organic solvents; hence,
ethanol was chosen as the extraction solvent (Kouassi et al. 2017). Compared to the literature, the
phenolic concentrations in this investigation differed marginally. Because of the presence of various
levels of sugars, carotenoids, or ascorbic acid, the length of time, regional variance, or extraction
methods could affect the amount of phenolic (Althwab et al. 2019, Burri et al. 2017). The phenolic
components found in lemongrass leaf extract ranged from 11 to 157.80 mg/100g, as shown in Table
Il and Figure 2. Swertiajaponin (157.0 mg/100g), ellagic acid (51.81 mg/100g), caffeic (31.06 mg/100g),
and syringic acid (20.24 mg/100g) are the most abundant components in the lemongrass leaf extract.
Flavonoid contents in the plant extracts were measured quantitatively using aluminum chloride
in a colorimetric technique. According to the literature El-Zahar et al. (2021a,b), genetic variety
and biological, ecological, seasonal, and year-to-year variations substantially influence vegetable
flavonoid concentration. According to our findings, the most abundant components in lemongrass
leaf extract are swertiajaponin, ellagic acid, caffeic, and syringic acids (Muala et al. 2021) caffeic (20.81
mg/100ml) and syringic acids (18.63, 7.390 mg/100ml) were the predominant phenolic components
in Cymbopogon citratus extract at optimal extraction conditions.

Biological activity of LGE

Antioxidant

In our study, lemongrass leaf extract has high phenolic and flavonoid compound inclusion and free
radical scavenging. The total phenolic content of Cymbopogon citratus methanol extract was 16.6 mg
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Table Ill. Classification of polyphenol and flavonoid constituents of lemongrass leaf by HPLC.

Rt*(min) Total phenolic compounds Conc.(mg/100g)
5.56 Gallic acid 88.0+4
5.77 2-Carene 57+3
5.8 Quercetin 724
6.01 Allagic acid 51.81+4
6.25 Kaembferol 60+3
8.06 Phellandrene 1041
8.88 Limonene 3.7£0.4
9.67 Resorcinol 50.8+4
101 Caffeic acid 31.8+2
M7 2.5-Dihydroxybenzoic acid 20142
1212 a-Terpinene 44 443

1346 Quercetin-3-rhamnoside 325.6+14
137 Swertiajaponin 157+7
139 Ferulic acid 98.316
1912 Trans-cinnamic acid 97.2+6
283 Neochlorogenic acid 21.6%2
29.08 Chlorogenic acid 4443
31.06 Caffeic acid 31.06%2
33.8 Agarospirol 33.8+2
35.60 Syringic acid 20.24+2
40.2 Catechin 1241
4614 p-coumeric acid 11001
57.74 Rutin 1242

Data are presented mean#SD, Rt, retention time.

GAE/g DW. DPPH and FRAP activity were reported at 1261.3 mg TE/100g DW and 1920.926 mg TE/100g
DW, respectively. Total phenolic and flavonoid compounds and antioxidants were found to have 11814
mg GAE/g and 178.069 mM TE/ml DW (Kouassi et al. 2017). Also, Ranjah et al. (2022) found that TPs in
lemongrass leaves were 14.7mg GAE/100 g, and antioxidant activity against DPPH was 86.3%, which
may be an excellent source of bioactive compounds with significant antioxidant potential.

Anticancer

Figure 3 shows that lemongrass extract (LGE) possesses potent antitumor properties on breast cancer
cells, compared to the commonly used chemotherapy drug doxorubicin (DOX). Cancer cell viability
is enhanced in a concentration-dependent way. LGE (300 micrograms per milliliter) decreased the
survival of MCF-7 cell lines by 81 % compared to DOX. This is consistent with the microscopic image.
This indicates that LGE has a more considerable inhibiting impact than DOX )300 micrograms per
milliliter (. This suggests that LGE may have the potential to mitigate oxidative stress in human cells,
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in agreement with Pan et al. (2022), who studied the influence of lemongrass extract on the viability
of SiHa cancer cells and VERO (kidney cells) compared to rotenone, they found that lemongrass
extract maintain the population and viability of VERO cells, and release the oxidative stress caused
by rotenone, while inhibited the viability of SiHa cancer cell lines higher than rotenone.

Antimicrobial

LGE has a wide spectrum antimicrobial activity against tested pathogenic bacteria and Candida (Figure
4), representing inhibition zones. The diameters (mm) of inhibition zones rose as concentration
increased. The range of 9-40 mm against tested bacteria and 10-30 mm against tested Candida, who
excelled in bacterial or fungal antibiotic zones. SA was the most susceptible bacterium to 300 ug/mL
LGE (40 mm), while KP was more resistant (26 mm). On the side of Candida, CG was the more resistant
to LGE 300 pg/mL (32 mm), followed by CA with 29 mm. Our results are correlated with Hassan et al.
(2021) finding that lemongrass extracts at the concentration of 150 mg/mL have antibacterial activity
against Bacillus cereus (35 mm). While the results of Zulfa et al. (2016) studied the antimicrobial
potential of lemongrass extract against B cereus, E. coli O157:H7, K. pneumoniae, S. aureus, and C.
albicans found that the 1ZDs ranged between 9-12 mm. and Ranjah et al. (2022) who found the 1ZDs
against S aureus and E.coli were 18 and 16 mm, respectively.

Figure 5 depicts that 20 to 40 pug/mL was the least LGE concentration against bacteria and fungi.
SA had the lowest MIC (20 pug/mL), while KP had the highest MIC (40 pg/mL). Zulfa et al. (2016) found
that the MIC value of lemongrass extract against B cereus, E. coli 0157:H7, K. pneumoniae, S. aureus,
and C. albicans ranged between 80-630 pg/mlL.
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Antiviral activity

Figure 6a shows that lemongrass extract at concentrations (50-300 ug/mL) successfully inhibited the
binding between the SARS-Cov-2 spike and ACE-2 in a concentration-dependent manner. The 50 pg/
mL concentration inhibited the binding by 20 %; the inhibition rate increased to 75 % in LGE 300 pg/
mL with no significant differences about AC384 (p=0.15).
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In Figure 6b, the activity caspase-3 increased with increasing LGE concentration, indicating the
role of LGE in enhancing immunity, which plays a significant role in facing COVID-19. The activity of
Cas-3 rose from 4.5 in LGE 50 to 2315 % in LGE 300 with no sense of the chemical drug Remdesivir.

SARS-CoV-2 enters cells through binding to receptors. This virus's glycoprotein will connect to
the cellular ACE-2 protein (Zhang et al. 2020). In SARS-CoV, Protein S is a significant predictor of host
cell entrance. Viral and host variables contribute to SARS-CoV infection (Li et al. 2020). An insufficient
immune response leads to viral multiplication and tissue damage, but an overactive immunological
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response can also induce tissue harm (Bao et al. 2020). However, no effective medicine or vaccine has
yet been discovered to combat SARS-CoV-2. However, efforts must be made to sustain the immune
system before this virus successfully infiltrates cells and triggers uncontrolled proinflammatory
cytokines (Zumla et al. 2020). Due to this, several researchers have investigated the viability of plants
as antiviral agents. The Cymbopogon genus, which includes Cymbopogon nardus (C. nardus) as a
natural plant, has flavonoids, phenols, and tannins as its primary constituents (Simanjuntak 2020).
Plant flavonoids, phenols, tannins, and vitamins can function as antimicrobial, anti-inflammatory,
and antioxidative agents and immunomodulators that affect immunological response (Pramudya &
Wahyuningsih 2019). Earlier research indicates that the influence of lemongrass extract (C. citratus)
on the blood profile of broiler chickens can increase the amount of blood cells.

Growth performance

The FW and BWG were significantly (p<0.05) affected by lemongrass treatments (Table 1V). When
compared to the positive control group, which had FW (2654 g) and BWG (15.51 g), the rats treated
with 300 mg/kg of lemongrass leaf ethanol extract had the best FW (2931 g) and BWG (31.66 g),
respectively. The increased FW and BWG in challenged rats treated with lemongrass leaf extract
could be attributed to lemongrass’s high contents of minerals, vitamins, and antioxidants, which may
protect cells from free radical damage (Burri et al. 2017, El-Zahar et al. 2021a). In concurring with our
findings, (Mohamed et al. 2017) reported that the use of lemongrass leaf extract in rat diets enhanced
(P<0.05) weight gain and improved nutritional status when compared to the control negative ones.
Dietary herbal plant oil significantly improved broiler chickens’ body weight and gain (Elewa et al.
2023). Also, Rahman et al. (2022) found an increase in broiler's importance when diet supplemented
with lemongrass leaves powder. Also, lemongrass extract and essential oil exhibit antioxidant and
acetylcholinesterase inhibitory effects. Lemongrass combined with spearmint herbs has significantly
improved broiler performance, liver health, serum and meat zinc, and iron concentrations (Rahman
et al. 2022).

Impact of LGE on the oxidative stress and the lipid profile in CCl -rats

The lipid profile, including triglycerides, cholesterol, and LDL, was elevated by CCl -induced oxidative
stress, whereas HDL levels were reduced. Four weeks of pretreatment with Cymbopogon citratus
leaf extract reduced LDL, TG, and cholesterol levels while increasing HDL levels dose-dependent
and meaningfully (Table V). The rats were given 300 mg/k-1 of Cymbopogon citratus leaf extract,

Table IV. Body weight gain of rats treated with lemongrass leaf extract (meanSD).

Performance parameters

Group
W (g) Fw (g) BWG (g)
NC. 247 8+5° 307145 33.90+5°
PC. 229.842° 2654+ 15.51#2°
LG _100 225545 290+4° 28.8+1.5
LG_ 300 223144 2931+4° 31.66+4°°

Initial weight IW, Final weight FW, NC non-treated rats (negative control); PC CCl,-induced hepatotoxicity in rats (positive control);
LG_ 100 CCL,-rats treated with 100mg/Kg leaf ethanolic extract of body weight; LG_ 300 CCl,-rats treated with LGE (300mg/Kg
body weight). The different lowercase letters indicate significant differences.
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which had the lowest TC level (71.6 mg/dl). In comparison, the CCl,-induced hepatotoxicity rats had
the highest total cholesterol level (135.2 mg/dl), the PC group exhibited the most significant levels
of TG and LDL (118.6 and 85.3 mg/dl, respectively) compared to the LGE group (78.6 and 241 mg/
dl, respectively). NC group had the least HDL-c concentration (2540 mg/dl) compared to the other
groups. However, the rats treated with lemongrass leaf extracts significantly increased HDL-c content
(37.3 and 34.20 mg/dl, respectively).

Compared to groups treated with Cymbopogon citratus leaf extract, Serum cholesterol levels,
triglycerides, and LDL-c increased significantly (P<0.05), and there was a drop in HDL-c in the positive
control. Positive control causes oxidative stress, elevating reactive oxygen species generation. A
rising amount of scholarly literature offers a wealth of first-hand information. ROS can harm cells by
oxidizing key biological components like membrane lipids, proteins, and DNA (Burri et al. 2017, Said
et al. 2019). The study’s results indicated that it improved the lipid profile because lemongrass leaves
contain phenolics, potent antioxidants (El-Zahar et al. 2021b, Said et al. 2019). According to Nambiar
& Matela (2012), Ranjah (2019), the ethanolic extract of fresh leaves of Cymbopogon citratus has a
hypocholesterolemic impact.

In vivo effects of LGE on liver markers and kidney functions

The alteration of physiological indices can affect characteristics related to health (Emam et al,, 2023).
All biochemical markers assessed in rats treated with CCl, presented a considerable rise (p<0.05)
compared to the other groups. However, the liver and kidney markers were reduced in Cymbopogon
citratus extract-treated rats for 4-weeks before intoxication with CCl, (Table IV). In addition, the total
protein, albumin, and GSH levels in the serum of CCl,-rats (G2) were lower than those of the negative
control group (Table VI). The administration of Cymbopogon citratus ethanolic extract (100 and 300
mg/kg" body weight) (groups 3 and 4, respectively) significantly (p<0.05) reduced the concentrations
of the parameters relative to that of the CCl, -treated rats. The bioactive compounds in lemongrass
leaf can help to improve liver function by reducing inflammation, protecting the liver cells from
damage, and promoting the regeneration of new liver cells (El-Zahar et al. 2021a, b, Kouassi et al. 2017).

Rahim et al. (2014) stated a significant reduction (p<0.05) in the elevated levels of ALT and AST in
serum blood and liver homogenates was evidence that lemongrass prevented liver damage induced
by H,O, injection, as well as an increase in total protein and albumin levels. Concerning MDA, it can

Table V. The impact of LGE on the lipid profile and oxidative stress in CCl -rats (mean+SD).

Parameters
Experimental groups
PR e mesan 16 (me/ ) oo w2k
NC 67.4:+2¢ 77.5+2¢ 36.2+2%° 16.7+2°
PC. 135.245° 119.2+5° 25.4+5°¢ 85.4+5°
LG_100 771+5% 843" 37.3+2° 24.9+2°
LG_300 72.6x4° 79.6+4 34.2+4° 23.5+4°

NC non-treated rats (negative control); PC CCl,-induced hepatotoxicity in rats (positive control); LG_ 100 CCl, -rats treated with
100mg/Kg leaf ethanolic extract of body weight; LG_ 300 CCl,-rats treated with 300mg/Kg ethanolic leaf extract of body weight.
The different lowercase letters indicate significant differences.
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Table VI. Impact of lemongrass leaf extract on liver and oxidative stress indicators in oxidative stress
rats(meanzSD).

Parameters
Groups AST(/) | ALT.(u/D) (gT}Zl) (;}/:{l) G.S.H. (nmol/ml) | M.D.A. (nmol/ml)
N.C. 35.6+2° 43.842° 614x0.3%° 3.82+0.2° 57.5+2° 46.36+3°
PC 81.6+5° 88.2+5° 5.61+0.2¢ 2.94+0.7° 40.242° 67.95°
LG_100 45143 53.6+2" 5.980.5" 3.34%0.3° 51.2+3° 51.52+3"
LG_300 40.2+4" 50.6+4" 6.22+0.7° 3.68+0.3a" 56.3+3° 49.22+4"

NC non-treated rats (negative control); PC CCl,-induced hepatotoxicity in rats (positive control); LG_ 100 CCl,-rats treated with
100mg/Kg leaf ethanolic extract of body weight; LG_ 300 CCl,-rats treated with 300mg/Kg ethanolic leaf extract of body weight.
The different lowercase letters indicate significant differences.

have been found that the positive control was 67.9 umol/L, which is considered the highest mean
value of MDA in contrast with the control negative ones, which reported the smallest value (46.36
nmol/ml). There is a significant decrease in rats treated with 300 mg/kg lemongrass leaf extract with
51.22 nmol/ml. MDA profoundly damages cell membranes, changing their structure and function
(Nair & Nair 2013, Saenthaweesuk et al. 2017, Said et al. 2019). MDA formation and buildup can lead to
oxidative processes, inhibition, and cytotoxicity. MDA is a tumor promoter and a co-carcinogen (Koc
et al. 2003).

Unlike the control, the CCl, revealed a significant increase (p< 0.05) in kidney markers (creatinine
and urea), as seen in Table VII. While the LGE rats had a substantial drop in creatinine and urea levels
compared to the positive control group, this reduction was not observed in the positive control group.
Creatinine and urea levels of several rat groups were lowered in the rat group administered 300 mg/
kg of lemongrass leaf extract as a negative control compared to PC. (Rahim et al. 2014), Reducing
creatinine, urea, and MDA relative to a positive control group confirmed these findings. Because
of the lemongrass leaf’s relatively high natural antioxidant substance, treated rats compared to
CCL,- rats, lemongrass leaf extract significantly decreased renal function indicators (creatinine and
urea). These natural antioxidants can lower serum urea and creatinine through uricosuric potential
clearance or enhance renal blood flow. Furthermore, a potent antioxidant can reduce oxidative stress
and inflammation in body cells, lowering the production and uric acid concentration (Said et al. 2019,
Ullah et al. 2013).

Histopathological alterations in hepatic and renal tissues

Histological analysis of organs was used to assess hepatic damage and the extent of histological
alterations in several groups of rats, as shown in Table VIII and Figures 7 and 8. The results of the
histological study match those of the biochemical analysis. Histopathological examination of liver
tissue from treated rats with lemongrass leaf extract revealed a significantly improved performance.
Kupffer cells are present in hepatocytes with moderate invasion and edema in the portal vein's
inflammatory cells, a decrease in necrosis, and lipid alterations, as illustrated in Figure (7). When
histopathologically examined, the CCl,-induced rats’ livers showed fatty changes with necrosis in liver
cells, significant fatty and inflammatory alterations, vascular congestion, and mild fibrosis.
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Table VII. Effect of lemongrass leaf extract on kidney function parameters in oxidative stress rats(meanSD).

Parameter
Groups Creatinine Urea
(mg/dl) (mg/dl)
NC 0.39+012° 16.6+0.2°
PC 0.82+015° 27+0.5°
LG_100 0.55+0.14" 19.2+0.4"
LG_300 0.46x012" 17404

NC non-treated rats (negative control); PC CCl,-induced liver toxicity in rats (control positive); LG_ 100 oxidative stress rats
treated with 100mg/Kg leaf ethanolic extract of body weight; LG_ 300 oxidative stress rats treated with 300mg/Kg ethanolic leaf
extract of body weight. The different lowercase letters indicate significant differences.

Table VIII. Effect of lemongrass leaf extract on histological changes in mice with oxidative stress.

Organ Lesions Control ca, LG_100 LG_300
Necrotic glomeruli - 4t + -
Necrotic renal tubules - —_— + -
Hemorrhages - ot + -
Congested - + + +
Kidney Casts formation - - + +
Regenerative attempts - - + +
Inflammatory cells infiltrations - + - _
Fibrosis - ++ . _

Cystic dilated renal tubules - - - -

Portal fibrosis - +t + -

Hepatocellular degeneration - e+ + -

_ Congested blood vessels - o + -
Liver ) )

Inflammatory cells infiltrations - ++ + -

Kupffer cells hyperplasia - - + +

Regenerative attempts (adipocytes) - - + +

The lesion scores system is designed as (— =No alteration 0%, += Mild alteration 25-30%, ++=Moderate alteration 35-65%,
+++=Severe or advanced alteration up to 70%).

The liver parenchyma of rats given Cymbopogon citratus leaf extract (100 and 300 mg/kg/
day) as an oral treatment showed a statistically significant improvement, with no cytoplasmic
degradation in undamaged liver hepatocytes (Figure 7). Sadek et al. (2018) and Saenthaweesuk et al
(2017) collaborated on these research results to estimate the safety limits of wild plant extracts at
various doses, in which histological changes in the hepatic, renal, and cardiac tissues were evaluated.
Compared to the negative control, the groups treated with wild plant extracts had no histological
abnormalities in the liver organ. As demonstrated in Table VIII and Figure 8, renal injury was also
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Wi e
s L

Figure 7. Microscopic examination of liver tissues depicts Cymbopogon citratus effect on CCl,-induced hepatic
injury in rats. (a) Normal liver tissue (negative control) (showing normal hepatic parenchymal structure). (b)
Hepatic tissue of hepatotoxicity rats (control positive ones), demonstrating portal vein engorgement with

blood and lymphocytosis (star), encircled by edema (wide star) and assemblages of the inflammatory cell) (c)
Lemongrass 100mg/kg DW pretreatment rats (showing normal hepatic portal trade (circle) comprised of artery,
vein, and bile duct) (d) Administration of rats with lemongrass 300mg/kg DW (interstitium fibrous bridge (arrows)
with hepatic cells sinusoids and cords).

assessed through histological analysis of the organ and the degree of histological changes in the
various groups of rats. On histological examination, the control group of rat kidney sections exhibited
normal glomeruli, interstitial tubules, and blood vessels.

The kidney tissue slices from CCl,-treated rats revealed glomerular crowding, capillary tuft and
tubule vacuolization, and shedding of the kidney tubular lining. Figure 8 shows that rats administered
silymarin had tubular necrosis, glomerular tuft vacuolization, regenerative and desquamation
vacuole-like structures, and regenerative and desquamation vacuolization in kidney sections (Figure
8). Kensarah & Azzeh (2012) suggested that Cymbopogon citratus administration significantly protected
against gentamicin-induced changes in BW, serum creatinine, creatinine clearance, serum uric acid,
serum electrolytes, urinary volume, urinary protein, urinary lactate dehydrogenase, urinary alkaline
phosphatase, and renal damage. In agreement with our results, Sadek et al. (2018), Said et al. (2019)
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injury in rats: (a) Normal kidney tissue (negative control) (displaying typical tubules and glomeruli in the kidney).
(b) Hepatotoxicity rat kidney tissue (positive control group) (exhibiting necrotic glomerular tufts with basement
membrane thickening, periglomerular fibrous bands, and interstitial bleeding.) (c) Lemongrass 100mg/kg DW
pretreatment rats (typical renal architecture except for lobulated glomerular tufts, partially thickened basement
membrane, and periglomerular-extravasated erythrocytes) (d) Lemongrass 300mg/kg DW administration to rats
(showing that the structure of the kidneys is almost normal, but there are a few casts in the tubular lumina).

reported that the use of lemongrass extract in rat diets improved (p<0.05) kidney performance in rats
affected by oxidative stress and improved the shape of the kidney glomeruli and kidney tubules.

CONCLUSIONS

Cymbopogon citratus leaf extract has antioxidant, anticancer, and antimicrobial potential; the LGE
treatment reduced CCl,-induced biochemical and histomorphological alterations. This nephrotoxicity
preventive effect of Cymbopogon citratus could be correlated to antioxidative substances like
phenolics and flavonoids, which reduce oxidative danger and restore normal physiological function.
The results are reliable and back up the use of (ymbopogon citratus to treat a variety of liver and renal
disorders. It could be stated that taking lemongrass leaf extract as a bioactive supplement is useful
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in preserving a good oxidative status, positively reflecting overall health. In conclusion, Ccymbopogon
citratus extract can reduce oxidative stress injury in the hepatic tissue.

Acknowledgments

The authors would like to extend their gratitude to Qassim University’s Deanship of Scientific Research for funding the
publishing of this research paper. The authors declare no conflicts of interest.

REFERENCES

ABD EL-HACK ME, EL-SAADONY MT, ELBESTAWY AR, GADO AR, NADER MM, SAAD AM, EL-TAHAN AM, TAHA AE, SALEM HM & EL-TARABILY KA.
2022a. Hot red pepper powder as a safe alternative to antibiotics in organic poultry feed: An updated overview. Poult
Sci 10(4):101684.

ABD EL-HACK ME ET AL. 2022b. Necrotic enteritis in broiler chickens: disease characteristics and prevention using organic
antibiotic alternatives—a comprehensive review. Poult Sci 101(2): 101590

ADEBOOQYE OC, VIJAYALAKSHMI R & SINGH V. 2008. Peroxidase activity, chlorophylls and antioxidant profile of two leaf
vegetables (Solanum nigrum L. and Amaranthus cruentus L.) under six pretreatment methods before cooking. Int )
Food Sci Technol 43: 173-178.

AKBARI B, BAGHAEI-YAZDI N, BAHMAIE M & MAHDAVI ABHARI F. 2022. The role of plant-derived natural antioxidants in
reduction of oxidative stress. BioFactors 48: 611-633.

ALSUBHI NH ET AL. 2022. Pomegranate pomace extract with antioxidant, anticancer, antimicrobial, and antiviral activity
enhances the quality of strawberry-yogurt smoothie. Bioengineering 9(12): 735.

ALTHWAB SA, MOUSA HM, EL-ZAHA KM & ZAHER AA. 2019. Protective effect of sweet potato peel against oxidative stress in
hyperlipidemic albino rats. Food Nutr Sci 10: 503-516.

ARMBRUSTER DA & LAMBERT PA. 1996. Direct assay of LDL Cholesterol: Comparing measurement and calculation. Lab Med
27: 613-617.

ASHOUR EA, EL-HACK MEA, SHAFI ME, ALGHAMDI WY, TAHA AE, SWELUM AA, TUFARELLI V, MULLA ZS, EL-GHAREEB WR & EL-SAADONY MT.
2020. Impacts of green coffee powder supplementation on growth performance, carcass characteristics, blood indices,
meat quality and gut microbial load in broilers. Agriculture 10(10): 457.

BAHUGUNA A, KHAN 1, BAJPAI VK & KANG SC. 2017. MTT assay to evaluate the cytotoxic potential of a drug. Bangladesh |
Pharmacol 12(2): 30892.

BANCROFT JD & GAMBLE M. 2008. Theory and practice of histological techniques (Chapter). Elsevier, health sciences.

BAO L, DENG W, GAO H, XIAO C, LIU J, XUE J, LV Q, LIU J, YU P & XU Y. 2020. Reinfection could not occur in SARS-CoV-2 infected
rhesus macaques. BioRxiv 2020: 2003-2013.

BEUTLER E. 1994. G6PD deficiency. Blood 84: 3613-3636.

BILAL RM ET AL. 2021. Olive oil: nutritional applications, beneficial health aspects and its prospective application in
poultry production. Front Pharmacol 12: 723040.

BULUT M, SELEK'S, BEZ Y, KAYA MC, GUNES M, KARABABA F, CELIK H & SAVAS HA. 2013. Lipid peroxidation markers in adult
attention deficit hyperactivity disorder: new findings for oxidative stress. Psychiatry Res 209: 638-642.

BURRI SC, EKHOLM A, HAKANSSON A, TORNBERG E & RUMPUNEN K. 2017. Antioxidant capacity and major phenol compounds
of horticultural plant materials not usually used. J Funct Foods 38: 119-127.

BUTNARIU M & GROZEA I. 2012. Antioxidant (antiradical) compounds. J Bioequiv Availab 4: 17-19.

DEVI R & SHARMA D. 2004. Hypolipidemic effect of different extracts of Clerodendron colebrookianum Walp in normal
and high-fat diet fed rats. ) Ethnopharmacol 90: 63-68.

An Acad Bras Cienc (2024) 96(3) €20230646 18 | 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

EBRAHIM AA, ELNESR SS, ABDEL-MAGEED MAA & ALY MMM. 2020. Nutritional significance of aloe vera (Aloe barbadensis Miller)
and its beneficial impact on poultry. World's Poult Sci J 76(4): 803-814.

EL-ASHRY RM, EL-SAADONY MT, EL-SOBKI AE, EL-TAHAN AM, AL-OTAIBI S, EL-SHEHAWI AM, SAAD AM & ELSHAER N. 2022. Biological
silicon nanoparticles maximize the efficiency of nematicides against biotic stress induced by Meloidogyne incognita
in eggplant. Saudi J Biol Sci 29(2): 920-932.

ELEWA MS ET AL. 2023. Effect of coconut oil on growth performance, carcass criteria, liver and kidney functions,
antioxidants and immunity, and lipid profile of broilers. Sci Rep 13: 13974.

EL-SAADONY MT, ABULJADAYEL DA, SHAFI ME, ALBAQAMI NM, DESOKY ESM, EL-TAHAN AM, MESIHA PK, ELNAHAL AS, ALMAKAS A & TAHA
AE. 2021. Control of foliar phytoparasitic nematodes through sustainable natural materials: Current progress and
challenges. Saudi ) Biol Sci 28(12): 7314-7326.

EL-SAADONY MT ET AL. 2022. The control of poultry salmonellosis using organic agents: an updated overview. Poultry Sci
101(4): 101716.

EL-ZAHAR K, MOSTAFA A, MUSA E & MOUSA H. 2021a. Effect of fenugreek (Trigonella foenum-graecum L.) Seeds and its
aqueous extract on gastric-acidity and blood ph of rats. J Biol Sci 21: 70-79.

EL-ZAHAR KM, HASSAN MF & AL-QABA SF. 2021b. Protective effect of fermented camel milk containing Bifidobacterium
longum BB536 on blood lipid profile in hypercholesterolemic rats. ) Nutr Metab 2021: 1-12.

EMAM AM, ELNESR SS, EL-FULL EA, MAHMOUD BY & ELWAN H. 2023. Influence of improved microclimate conditions on growth
and physiological performance of two Japanese quail lines. Animals 13(6): 1118.

FALAH S, AYUNDA R & FARIDAH D. 2015. Potential of lemongrass leaves extract (Cymbopogon citratus) as prevention for oil
oxidation. )] Chem Pharm Res 7: 55-60.

HASSAN HM, ABOEL-AININ M, ALI SK & DARWISH A. 2021. Antioxidant and antimicrobial activities of meoh extract of lemongrass
(Cymbopogon citratus).  Agric Chem Biotechnol 12: 25-28.

JAKUBCZYK K, DEC K, KALDUNSKA J, KAWCZUGA D, KOCHMAN J & JANDA K. 2020. Reactive oxygen species-sources, functions,
oxidative damage. Pol Merkur Lekarski 48: 124-127.

KENSARAH OA & AZZEH FS. 2012. Implementing high vitamin C treatments to decrease blood uric acid levels in
hyperuricemic Saudi patients. ] Am Sci 8: 462-467.

KOC M, TAYSI S, BUYUKOKUROGLU ME & BAKAN N. 2003. Melatonin protects rat liver against irradiation-induced oxidative
injury. ) Radiat Res 44: 211-215.

KOH PH, MOKHTAR RAM & IQBAL M. 2012. Antioxidant potential of Cymbopogon citratus extract: alleviation of carbon
tetrachloride-induced hepatic oxidative stress and toxicity. Hum Exp Toxicol 31: 81-91.

KOSTIC DA, VELICKOVIC JM, MITIC SS, MITIC MN & RANDELOVIC SS. 2012. Phenolic content, and antioxidant and antimicrobial
activities of Crataegus oxyacantha L (Rosaceae) fruit extract from Southeast Serbia. Trop J Pharm Res 11: 117-124.

KOUASSI E, COULIBALY |, RODICA P, PINTEA A, OUATTARA S & ODAGIU A. 2017. HPLC Phenolic compounds analysis and antifungal
activity of extracts from Cymbopogon citratus (DC) Stapf. against Fusarium graminearum and Fusarium oxysporum sp
tulipae. J Sci Res Rep 14: 1-11.

LI G, FAN Y, LAl Y, HAN T, LI Z, ZHOU P, PAN P, WANG W, HU D & LIU X. 2020. Coronavirus infections and immune responses. ] Med
Virol 92: 424-432.

LIU T, SUN L, ZHANG Y, WANG Y & ZHENG J. 2022. Imbalanced GSH/ROS and sequential cell death. ] Biochem Mol Toxicol
36(1): €22942.

MOHAMED S, EL-SEDEEK L, SEIF M, AMER M, MOHAMED S & ABDEL-AZIZ M. 2017. Protective efect of Ccymbopogon schoenanthus
extract against formalin hazard in rats. Res ] Med Plants 11(1): 8-13.

MUALA WCB, DESOBGO ZSC & JONG NE. 2021. Optimization of extraction conditions of phenolic compounds from Cymbopogon
citratus and evaluation of phenolics and aroma profiles of extract. Heliyon 7: e06744.

An Acad Bras Cienc (2024) 96(3) 20230646 19 | 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

NIMENIBO-UADIA R & NWOSU EO. 2020. Phytochemical, Proximate and mineral elements composition of lemongrass
(Cymbopogon citratus (DC) Stapf) grown in Ekosodin, Benin City, Nigeria. Niger ) Pharm Appli Sci Res 9(2): 52-56.

NAIR GG & NAIR CKK. 2013. Radioprotective effects of gallic acid in mice. BioMed Res Int 2013: 953079.

NAMBIAR VS &MATELA H. 2012. Potential functions of lemon grass (Cymbopogon citratus) in health and disease. Int J
Pharm Biol Arch 3: 1035-1043.

PAN D, MACHADO L, BICA CG, MACHADO AK, STEFFANI JA & CADONA FC. 2022. In vitro evaluation of antioxidant and anticancer
activity of lemongrass (Cymbopogon citratus (DC) Stapf). Nutr Cancer 74: 1474-1488.

PRAMUDYA M & WAHYUNINGSIH SPA. 2019. Immunomodulatory potential of polysaccharides from Coriolus versicolor
against intracellular bacteria Neisseria gonorrhoeae. Vet World 12(6): 735.

RADWAN H & ELMAADAWY A. 2022. Potential effects of toast bread supplemented with lemon grass powder on kidney and
liver functions in rats. ] Home Econ-Menofia University 32: 151-162.

RAHIM SM, TAHA EM, AL-JANABI MS, AL-DOURI BI, SIMON KD & MAZLAN AG. 2014. Hepatoprotective effect of Cymbopogon citratus
aqueous extract against hydrogen peroxide-induced liver injury in male rats. Afr J Tradit Complement Altern Med 11:
447-451.

RAHMAN M, SULTANA S, REDOY M, AHMAD R, DEBI MR, CHOWDHURY R & AL-MAMUN M. 2022. Combined impact of lemongrass and
spearmint herbs on performance, serum metabolites, liver enzymes, and meat quality of broiler. ] Adv Vet Anim Res
9(4): 712-719.

RANJAH MA. 2019. Lemongrass: a useful ingredient for functional foods. INT J FOOD ALLIED SCI 4: 11-19.

RANJAH MA, ISMAIL A, WASEEM M, TANWEER S, AHMAD B, MEHMOOD T, SHAH FUH, AHMAD Z, HUSSAIN M & ISMAIL T. 2022. Comparative
study of antioxidant and antimicrobial activity of different parts of lemongrass leaves and their application in the
functional drink. Nutr Food Sci 52: 657-669.

SAAD AM, MOHAMED AS, EL-SAADONY MT & SITOHY MZ. 2021b. Palatable functional cucumber juices supplemented with
polyphenols-rich herbal extracts. LWT - Food Sci Technol 148: 111668.

SAAD AM, MOHAMED AS & RAMADAN MF. 2021a. Storage and heat processing affect flavors of cucumber juice enriched with
plant extracts. Int ] Veg Sci 27: 277-287.

SAAD AM, SALEM HM, EL-TAHAN AM, EL-SAADONY MT, ALOTAIBI SS, EL-SHEHAWI AM, ABD EL-MAGEED TA, TAHA AE, ALKAHTANI MA &
AHMED AE. 2022. Biological control: An effective approach against nematodes using black pepper plants (Piper nigrum
L.). Saudi J Biol Sci 29(4): 2047-2055

SADEK MA, MOUSA S, EL-MASRY S & DEMAIN AM. 2018. Influence of Hawthorn (Crataegus oxyacantha) leaves extract
administration on myocardial infarction induced by isoproterenol in rats. Cardiol Angiol Int ) 7: 1-12.

SAENTHAWEESUK S, MUNKONG N, PARKLAK W, THAEOMOR A, CHAISAKUL J & SOMPARN N. 2017. Hepatoprotective and antioxidant
effects of Cymbopogon citratus Stapf (Lemon grass) extract in paracetamolinduced hepatotoxicity in rats. Trop ) Pharm
Res 16: 101-107.

SAID AM, ATWA SA & KHALIFA OA. 2019. Ameliorating effect of gum arabic and lemongrass on chronic kidney disease
induced experimentally in rats. Bull Natl Res Cent 43: 1-8.

SCHUMANN G & KLAUKE R. 2003. New IFCC reference procedures for the determination of catalytic activity concentrations
of five enzymes in serum: preliminary upper reference limits obtained in hospitalized subjects. Clin Chim Acta 327:
69-79.

SHAHIDI F & AMBIGAIPALAN P. 2015. Phenolics and polyphenolics in foods, beverages and spices: Antioxidant activity and
health effects-A review. ] Funct Foods 18: 820-897.

SIMANJUNTAK NJP. 2020. Evaluation of acute toxicity of ethanol extract of pirdot leaf (saurauia vulcani korth.) in rats.
Indones J Pharm Clin Res 3:13-18.

SWELUM AA ET AL. 2021. Ways to minimize bacterial infections, with special reference to Escherichia coli, to cope with the
first-week mortality in chicks: an updated overview. Poult Sci 100(5): 101039.

An Acad Bras Cienc (2024) 96(3) €20230646 20 | 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

TVRDA E, BENKO F & DURACKA M. 2022. Oxidative stress as an underlying mechanism of bacteria-inflicted damage to male
gametes. Oxygen 2(4): 547-569.

ULLAH N, KHAN M, KHAN T & AHMAD W. 2013. Cymbopogon citratus protects against the renal injury induced by toxic doses
of aminoglycosides in rabbits. Indian J Pharm Sci 75(2): 241-246.

WOLFE K, WU X & LIU RH. 2003. Antioxidant activity of apple peels. ] Agric Food Chem 51: 609-614.

YAMMINE A, NURY T, VEJUX A, LATRUFFE N, VERVANDIER-FASSEUR D, SAMADI M, GREIGE-GERGES H, AUEZOVA L & LIZARD G. 2020.
Prevention of 7-ketocholesterol-induced overproduction of reactive oxygen species, mitochondrial dysfunction and
cell death with major nutrients (polyphenols, w3 and w9 unsaturated fatty acids) of the Mediterranean diet on N2a
neuronal cells. Molecules 25(10): 2296.

ZHANG H, PENNINGER JM, LI Y, ZHONG N & SLUTSKY AS. 2020. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2
receptor: molecular mechanisms and potential therapeutic target. Intensive Care Med 46: 586-590.

ZULFA Z, CHIA C & RUKAYADI Y. 2016. In vitro antimicrobial activity of Cymbopogon citratus (lemongrass) extracts against
selected foodborne pathogens. Int Food Res J 3(3): 1262-1267.

ZUMLA A, HUI DS, AZHAR EI, MEMISH ZA & MAEURER M. 2020. Reducing mortality from 2019-nCoV: host-directed therapies
should be an option. The Lancet 395: e35-e36.

How to cite

ALHARBI YM, ELZAHAR KM, QAHL SH, ALGHAMDI AM, ALHARBI AA, ALANAZI YF, SHAKAK AO, SALEH O & EL-SAADONY MT. 2024. Nutritional Significance,
Antimicrobial, Antioxidants, Anticancer, and Antiviral Activities of Lemongrass Leaves Extract and Its Application as Hepatoprotective Agent against
CCl,-Induced Hepatic Injury in Rats. An Acad Bras Cienc 96: €20230646. DOI 10.1590/0001-3765202420230646.

Manuscript received on June 7, 2023;
accepted for publication on October 2, 2023

YOUSEF MESFER ALHARBI'
https://orcid.org/0009-0007-2465-7380

KHALED M. ELZAHAR*?
https://orcid.org/0000-0003-3324-8427

SAFA H. QAHL*
https://orcid.org/0000-0001-7599-225X

AMIRA M. ALGHAMDI®
https://orcid.org/0009-0004-4538-5669

ASMAA ALI ALHARBP®
https://orcid.org/0000-0002-2489-6994

YASMENE F. ALANAZI®
https://orcid.org/0000-0003-3981-5111

AMANI OSMAN SHAKAK"®
https://orcid.org/0009-0006-2520-9961

OHUD SALEH®
https://orcid.org/0009-0008-0133-0104

MOHAMED T. EL-SAADONY"
https://orcid.org/0000-0001-8633-1836

An Acad Bras Cienc (2024) 96(3) 20230646 21| 22



YOUSEF MESFER ALHARBI et al. LEMONGRASS LEAVES EXTRACT IN RATS

'Qassim University, Department of Veterinary Medicine, Faculty of Agriculture and
Veterinary Medicine, Buraydah 51452, Qassim, Saudi Arabia

’Qassim University, Department of Food Science and Human Nutrition, Faculty of
Agriculture and Veterinary Medicine, Buraydah 51452, Qassim, Saudi Arabia

’Zagazig University, Food Science Department, Faculty of Agriculture, Zagazig 44511, Egypt

“University of Jeddah, Department of Biological Science, College of Science, PO. Box 80327, Jeddah 21589, Saudi Arabia
°King Abdulaziz University, Department of Biochemistry, Faculty of Science, Jeddah 21589, Saudi Arabia

®University of Tabuk, Department of Biochemistry, Faculty of Science, Tabuk, 71491, Saudi Arabia

’King Abdulaziz University, Biological Sciences Department, College of Science & Arts, Rabigh 21911, Saudi Arabia
®University of Shendi, Faculty of Medical Laboratory Sciences, P.O. Box 142, Shendi, Sudan

°University of Jeddah, Department of Biochemistry, College of Science, Jeddah 21959, Saudi Arabia

°Zagazig University, Department of Agricultural Microbiology, Faculty of Agriculture, Zagazig 44511, Egypt

Correspondence to: Mohamed T. El-Saadony
E-mail: m.talaatelsadony@gmail.com

Author contributions

Conceptualization, YMAAH., KM.EZ, SH.Q., AAA. and AMA,; methodology, YMAH., KM.EZ, SHQ, AMA, ASA, YFA, AOS, OS,
AAA. and MTE-S,; formal analysis, YMAH., KM.EZ, SHQ, AMA, AAA and MTE-S,; investigation, YMAH, KMEZ, SHQ, AMA,
and MT.E-S, data curation, YM.AH., and MT.E-S,, writing—original draft preparation YM.AH., KM.E.Z, and Y.FA, AQS., O.S, AAA. and
M.S.A; writing—review and editing, YMAAH, KM.EZ, SHQ, AMA, AAA and MTE-S,; visualization, YMAH, KM.EZ,SH.Q, Y.FA,AQS,
0S., AMA, AAA. and MTE-S, funding acquisition, S.A, SAA, AAA and MMS. All authors have read and agreed to the published
version of the manuscript.

@)y

An Acad Bras Cienc (2024) 96(3) €20230646 22 | 22



