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ABSTRACT

he experiment was conducted during January to May, 2025 at Department of Veterinary Pharmacology and Toxicology, at

College of Veterinary and Animal Sciences, Mannuthy, Kerala, India to study the potential nephro- and hepatoprotective
effects of lemongrass oil (LGO) and its active constitutent, citral against cadmium (Cd) induced renal and hepato damage.
Thirty-six adult male Sprague Dawley (SD) rats weighing 150-200 g were kept in well-ventilated polypropylene cages under
standard laboratory conditions of 12 h/12 h light/dark cycle at 25°C+2°C with 30~70% relative humidity. The experimental
rats were divided into six groups of six animals each. Group I received 0.1% Tween 80 and normal saline, and group II received
both cadmium chloride (7 mg kg! b.wt.) and Tween 80, while groups III to VI received LGO and citral at 45 and 90 mg kg™!
body weight dose levels, respectively, as oral administration for 28 days, along with cadmium chloride treatment. Significantly
elevated serum markers of renal and hepatic dysfunction, alongside the altered oxidative stress indicators, were restored in the
present study with LGO and citral treatment. Histological examination further confirmed that LGO and citral at both dose
levels attenuated Cd-induced structural damage in kidney and liver tissues. Thus, the results were indicative of significant
nephroprotective and hepatoprotective potentials of citral and LGO on Cd-induced nephro- and hepatotoxicity, which might
be attributed to its antioxidant activity.
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1. INTRODUCTION
In recent decades, growing concern has emerged over the
impact of environmental chemical exposure on human
health. Rapid industrialization and urbanization have led
to the proliferation of synthetic and naturally occurring
toxicants in the air, water, soil and food. Epidemiological
studies increasingly demonstrate that prolonged, even
low-level exposure to environmental chemicals can cause
significant adverse health effects, including damage to vital
organs. The kidneys, due to their central role in filtering
and excreting xenobiotics and metabolic waste, and the
liver, the primary organ encountering absorbed xenobiotics,
are particularly vulnerable to such toxic insults. Among
the countless environmental pollutants, heavy metals
stand out due to their persistence in the ecosystem and
cumulative toxicity. Cadmium (Cd), a non-essential and
highly toxic heavy metal, has attained particular attention
owing to its widespread industrial use, with human exposure
occurring mainly through contaminated food and water,
occupational inhalation and tobacco use (Tchounwou
et al., 2012; Hecht et al., 2016). Despite the umpteen
regulatory efforts, Cd contamination continues to rise,
particularly in both industrialised and developing nations,
as it is non-biodegradable and remains in the environment
for centuries. The kidney serves as the main site for Cd
accumulation and is the organ most significantly affected
during prolonged exposure (Charkiewicz et al., 2023; Qu
and Zheng, 2024). Given its critical role in filtration and
detoxification, the kidney is particularly vulnerable to
damage caused by Cd exposure (Smereczanski and Brzoska,
2023). Cadmium induces nephrotoxicity through multiple
pathways, including the promotion of oxidative stress and
inflammation, interference with cell adhesion, proliferation,
and apoptosis, and alterations in epigenetic regulation
(Dukic-Cosic et al., 2020; Hao et al., 2021; Wang et al.,
2021). Over time, these mechanisms contribute to the
deterioration of renal function, ultimately manifesting as
chronic kidney disease (Genchi et al., 2021; Yan and Allen,
2021; Zhang et al., 2024). The liver, as the primary site of
exposure, also interacts with a considerable amount of Cd
during the initial phase. Damage to hepatocytes can arise
from injury to endothelial cells, which triggers inflammation
and eventually leads to oxidative stress driven by an
imbalance in redox homeostasis (Arroyo et al., 2012; Renu
etal.,2021; Kusak et al., 2024). The increasing prevalence of
kidney and liver disorders highlights the need for effective
protective strategies beyond symptom-based conventional
treatments. Under these circumstances, herbal medicines
have gained considerable attention due to their bioactive
secondary metabolites, antioxidant and anti-inflammatory
properties, and favourable safety profiles, which collectively
mitigate oxidative stress and inflammation underlying renal
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and hepatic toxicity (Banik et al., 2020; Sujana et al., 2021,
Ganta et al., 2023; Tienda-Vazquez et al., 2022). Essential
oils are highly concentrated plant extracts composed of
volatile constituents that provide distinct fragrance and
therapeutic activity (Dhifi et al., 2016). They are known for
their robust antioxidant, anti-inflammatory, antimicrobial,
and various other beneficial activities (Ramsey et al.,
2020). These effects are largely linked to their diverse
chemical constituents, including terpenes, hydrocarbons,
alcohols, aldehydes, ketones, and esters (de Sousa et al.,
2023). Their lipophilic nature and low molecular weight
facilitate membrane penetration, modulate membrane
dynamics, and exert beneficial physiological effects, thereby
alleviating oxidative stress and inflammatory responses and
potential anticancer effects at both cellular and systemic
levels (Osaili et al., 2023). Among them, lemon grass oil
(LGO) and its primary component, citral, are known to
inhibit the production of reactive oxygen species and pro-
inflammatory cytokines, indicating its strong antioxidant
and anti-inflammatory properties respectively (Wifek et
al., 2016; Han and Parker, 2017; Kusuma et al., 2024). The
limited exploration of LGO and citral in mitigating metal-
induced damage highlighted the need for continued research
into their renal and hepatoprotective effects. Accordingly,
the present study was assessed the ameliorative potential
of LGO and citral against Cd-induced nephro and hepatic

toxicity in rats.
2. MATERIALS AND METHODS

he experiment was conducted from January to May,

2025 at the Department of Veterinary Pharmacology
and Toxicology at the College of Veterinary and Animal
Sciences, Mannuthy, Kerala, India.

2.1. Chemicals

Lemongrass (Cymbopogon spp.) essential oil (95010000064)
was procured from Synthite Industries Pvt. Ltd., Kerala and
citral (95 % C83007) was obtained from M/s Sigma Aldrich,
India. Cadmium chloride (99% 35658-65-2) was purchased
from M/s Sisco Research Laboratories Pvt. Ltd (SRL),
Mabharashtra, India. All the diagnostic kits were purchased
trom M/s Agappe Diagnostics Litd., India.

2.2. Experimental animals

Thirty-six adult male Sprague Dawley (SD) rats, weighing
150-200 g, were procured from the Small Animal Breeding
Station, Mannuthy, Kerala. All the animals were kept in well-
ventilated polypropylene cages under standard laboratory
conditions of 12 h/12 h light/dark cycle at 25°C+2°C with
30-70% relative humidity and were given an acclimatisation
period of seven days before the experimentation. They were
given standard rat feed (source: School of Animal Nutrition
and Feed Technology, College of Veterinary and Animal
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Sciences, Mannuthy) and drinking water ad libitum. The
experimental protocol was approved by the Institutional
Animal Ethics Committee of the College of Veterinary
and Animal Sciences, Mannuthy (No. CVAS/MTY/
TAEC/25/95), and the study was performed in accordance
with the guidelines of the Committee for Control and
Supervision of Experimentation on Animals (CPCSEA),

Government of India.
2.3. Experimental design

Thirty-six adult male SD rats, weighing 150-200 g, were
randomly allocated into six groups of six animals each.
Group I served as a vehicle control and received vehicle
(0.1% tween 80) along with normal saline, whereas group
II, which served as a cadmium control, received both 0.1%
tween 80 (vehicle) and cadmium chloride (CdCl,) dissolved
in saline at 7 mg kg™. Groups III and IV were administered
LGO at 45 and 90 mg kg™, respectively, while groups V and
VI received citral at the same respective doses, along with
concurrent administration of CdCl, at 7 mg kg™. These
animals were treated with vehicle/LGO/citral along with
saline/CdCl, by oral gavage for 28 days.

The changes in body weight were recorded before and
weekly during the course of the study. Hepatic and renal
functions were assessed fortnightly through blood sample
collection and by the estimation of serum biochemical
parameters. The animals were humanely sacrificed on the
29% day of the experiment, and the organs, such as the
liver and kidney, were collected, and their relative weights
were recorded. The aliquots of liver and kidney were also
collected immediately in vials containing ice cold Tris-
HCI and phosphate buffer for the analysis of antioxidant
parameters. Representative samples of both liver and kidney
were collected in 10% neutral buffered formalin (NBF) for
histopathological examination.

2.4. Body weight and relative organ weight

The body weight of animals was recorded before and at
weekly intervals during the course of the experiment. The
organ weights of liver and kidney were recorded, and the
relative organ weights were calculated as organ weight
relative to 100 g body weight (Freitag et al., 2015).

2.5. Serum biomarkers of renal and hepatic function

The serum biomarkers of renal function, such as creatinine
and blood urea nitrogen (BUN), and hepatic function, viz.,
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP) were estimated ina
semiautomatic analyser (M/s Hospitex, Italy) using ready-
to-use diagnostic kits (M/s Agappe Diagnostic Ltd, India).

2.6. Antioxidant parameters
The level of lipid peroxides in kidney and liver

tissue homogenate was assessed by determination
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of malondialdehyde (MDA) concentration in tissue
homogenate by the method of Fraga et al. (1998), where
thiobarbituric acid (TBA) reacts with MDA (an end product
of fatty acid peroxidation) to form a red coloured pigment,
which has maximum absorbance at 532 nm. The level of
reduced glutathione (GSH) in both tissues was determined
as per the method described by Ellman (1959). Reduced
glutathione was measured by its reaction with 5,5’ -dithiobis
-2-nitrobenzoic acid (DTNB) to give a yellow-coloured
complex with absorption maximum at 412 nm.

2.7. Histopathology

Representative samples of kidney and liver were collected
in 10% NBF. The tissue samples were processed and
embedded in paraffin for histopathological evaluation.
The paraffin-embedded tissues were sectioned and stained
with hematoxylin and eosin as per the technique followed
by Suvarna et al. (2018) and were examined under the light
microscope.

2.8. Statistical analysis

Data was analysed statistically using SPSS version 24.0. and
expressed as Mean+SE. The statistical analysis of all data
was done using one-way analysis of variance (ANOVA)
tollowed by Duncan’s multiple comparison method as a post
hoc test. Statistical significance was set at p<0.001.

3. RESULTS AND DISCUSSION

mong various environmental pollutants, heavy

metals pose a significant threat to human health, as
even minimal exposure can result in considerable organ
damage. Cadmium, in particular, has been implicated in
numerous pathological conditions such as carcinogenesis,
hepatotoxicity, skeletal disorders like osteomalacia, as
well as osteoporosis and teratogenic effects. However, the
kidneys remain the principal target of Cd accumulation
and toxicity, making them highly susceptible to damage
(Charkiewicz et al., 2023). Effective therapeutic approaches
to mitigate the renal and hepatic toxicity remain limited
despite the growing concern. Herbal medicines have
gained popularity for their natural antioxidant properties,
safety, and effectiveness in reducing oxidative stress. Being
rich in bioactive phytochemicals such as flavonoids and
polyphenols, plants serve as valuable sources for developing
therapeutic agents. These secondary metabolites effectively
scavenge reactive oxygen and nitrogen species, helping to
mitigate cellular damage and restore physiological balance
(Ganta et al., 2023).

3.1. Body weight and relative organ weight

In the present study, there was no significant change in body
weights and weight gain among various treatment groups at
weekly intervals during the experimental period. However, a
slight decrease in body weight and weight gain was observed
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on the 28" day of the experiment in the Cd control group as
compared to other groups, although nonsignificant (Table
1). Mahaffey and Fowler (1977) reported a reduction in
weight gain in animals exposed to Cd and arsenic, either
individually or in combination, suggesting that Cd exposure
may slightly impair normal growth. Also, the inapparent
body weight and weight gain changes observed in the LGO
and citral treated rats was in corroboration with study by Li
et al. (2018), wherein LGO and citral treatment exerted no
significant changes in body weight gain in acetaminophen-
induced hepatotoxic animals suggesting, they exerted either
neutral or potentially beneficial effects on body weight,
supporting their safety profile in terms of growth regulation.
The relative organ weights of the kidney and liver did not
vary significantly between the treatment groups (Table
1). However, the present findings were in alignment with
previous studies by Asagba (2010) and Haouem and Hani
(2013), in which no significant changes in the relative organ
weights of kidney and liver were reported in Cd exposed
rats against the normal treated groups, indicating that Cd
induced toxicity might not be represented through the
changes in organ weights at all the times.

3.2. Serum biomarkers of renal function

Serum creatinine and BUN are routine biomarkers for
evaluating renal function, and their levels vary inversely with
glomerular filtration rate (Baum et al., 1975). The Cd control
group showed a significant increase in serum creatinine and
BUN levels as compared to the normal control group on days
14 and 28 of the experiment. However, citral and LGO at
both 45 and 90 mg kg™ dose levels significantly (»<0.001)

reduced serum creatinine and BUN levels in Cd-treated
animals after 14 and 28 days of treatment (Table 2). The
increase in renal biomarkers reflects potential nephrotoxic
effects of Cd exposure and was consistent with previous
reports that have documented similar elevations in serum
renal markers following Cd administration (Renugadevi
and Prabu, 2009; Dkhil et al., 2014; Ansari et al., 2021;
Iserhienrhien and Okolie, 2022). A complete restoration
of serum creatinine was observed in both doses of citral
on the 14 and 28" day of the experiment, suggesting its
pronounced effect compared to the LGO. These findings
can be corroborated by the study conducted by Tabari et
al. (2024), wherein the serum creatinine and BUN levels
were attenuated by LGO and citral in diclofenac-induced
nephrotoxicity in mice.

3.3. Serum biomarkers of hepatic function

Levels of hepatic marker enzymes such as AST and ALP
were significantly (p<0.001) elevated in the Cd control
group on both the 14™ and 28" day of the experiment, as
compared to the normal control, while a slight elevation was
observed in the serum ALT after the treatment with Cd.
However, the treatment with LGO and citral at 45 and 90
mg kg™ dose levels significantly reduced the hepatic serum
markers and was comparable to the normal control group,
and a prominent effect was observed in the citral-treated
group (Table 3). The significantly increased biomarkers are
indicative of the potential liver injury induced by Cd and
various Cd-induced hepatorenal studies substantiating the
present results (Kandemir et al., 2021; Omar et al., 2024; Ijaz
et al., 2023). Serum ALT, a highly sensitive and relatively

Table 1: Effect of LGO and citral on body weights and relative organ weights

Parameters Normal control ~ Cadmium control LGO 45 LGO 90 Citral 45 Citral 90
Body weight (g)

Day 0 172.83+3.83 171.83+3.91 173.33+6.13 169.83:1.77  171.6626.42  168. 8326.57
Day 7 186.50+2.84 187.83+6.08 188.00+7.17 187.50+5.51  188.00+5.39  185.83%8.23
Day 14 196.16x2.91 195.83+8.34 200.00+9.42 195.00:7.27  200.50x4.65  193.00+8.84
Day 21 209.00+3.64 202.50+9.89 205.16210.92 200.50+7.82  208.00+6.73  199.83+10.90
Day 28 214.8324.62 207.00£9.87 213.50+11.64 210.00£8.42  213.16x8.41  211.50+10.30
Weight gain (g)

Day 7 13.66+2.41 16.00+4.32 14.66+2.74 17.66+4.97 16.33+3.14 17.005.17
Day 14 23.33+4.47 24.00+7.84 26.66+4.07 25.16+6.45 28.83+5.61 24.1624.95
Day 21 36.16+5.96 30.66+8.26 31.83+6.53 30.66+6.89 36.33+5.51 31.00£5.36
Day 28 42.00+7.22 35.168.51 40.1626.52 40.16+7.56 41.50+5.36 42.66+6.30
Relative organ weight (g 100™7)

Kidney 0.74+0.02 0.79+0.02 0.77+0.02 0.75+0.02 0.78+0.01 0.80+0.02
Liver 3.51+0.10 3.89+0.08 3.99+0.11 3.87+0.08 3.95+0.08 3.90+0.15

Values are expressed as Mean+SEM, n=6

04



International Journal of Bio-resource and Stress Management 2026, 17(4): 01-10

Table 2: Effect of LGO and citral on renal serum biomarkers

Normal control ~ Cadmium control LGO 45 LGO 90 Citral 45 Citral 90
Creatinine (mg d1?)
Day 0 0.63+0.02 0.64+0.02 0.62+0.02 0.6120.01 0.64+0.02 0.64+0.03
Day 14 0.68+0.02* 1.4820.06" 0.76=0.03* 0.76+0.06* 0.76+0.04* 0.62+0.04*
Day 28 0.81+0.06* 1.47+0.13¢ 1.25+0.08" 1.15+0.10° 0.87+0.03* 0.65+0.04
Blood urea nitrogen (mg dI')
Day 0 10.00£0.14 9.91+0.13 10.12+0.15 9.87+0.21 9.79+0.14 10.06+0.06
Day 14 9.70+0.26* 12.53+0.44° 10.59 £0.23¢ 10.24£0.36* 10.26+0.20° 10.17£0.32°
Day 28 9.65+0.14 13.94+0.10¢ 10.79+0.32° 10.37+0.16° 10.220.17° 10.50+0.19°

Values are expressed as Mean+SEM, n=6; Values bearing different superscripts vary significantly at p<0.001 in the row

Table 3: Effect of LGO and citral on hepatic biomarkers

Normal control  Cadmium control LGO 45 LGO 90 Citral 45 Citral 90

AST (U 1)

Day0 96.05+1.17 98.08+1.01 94.92+1.89 98.93+1.95 99.33+1.15 93.96+1.88
Day 14 91.22+0.43* 124.43+1.64¢ 111.74+0.87¢  114.10+1.37° 111.8321.34°  104.22+1.40°
Day 28 94.02+1.16* 149.52+1.764 117.33:0.84c  114.66+1.35° 102.62:2.19®>  99.41:1.38°
ALT U 1Y)

Day 0 59.39+2.88 60.01+1.85 58.25+2.80 59.36+1.21 58.60£2.15 57.69+1.72
Day 14 63.11+0.47 63.20+1.86 60.37+2.37 62.21+2.83 61.91£3.20 60.00+3.04
Day 28 63.8420.61 72.45+5.56 65.72+3.33 62.50+1.27 60.67+2.64 59.21+2.05
ALP (U 1Y)

Day 0 70.11+1.19 75.94+2.56 72.07+1.81 71.03+1.06 72.19+1.88 70.44+1.67
Day 14 73.85+3.45° 154.12+3.21° 78.47+5.74 76.86:4.67°  73.7626.08" 74.38+3.01*
Day 28 74.7422.01* 247.28+3.32¢ 114.48+3.02>  115.09+2.34> 117.24+1.92°  109.76+1.49"

Values are expressed as Mean+SEM, n=6; Values bearing different superscripts vary significantly at »<0.001 in the row

specific biomarker for hepatocellular injury, is routinely
employed in both preclinical and clinical assessments of
hepatotoxicity, whereas AST, commonly evaluated alongside
ALT, is less specific to hepatic tissue due to its broader
distribution in other organs such as skeletal and cardiac
muscles. Likewise, ALP is a marker enzyme associated with
hepatobiliary dysfunction and altered bone metabolism.
Furthermore, elevation of ALP is more frequently associated
with skeletal abnormalities such as reduced bone mineral
density or an increased risk of osteoporosis (Ozer et al.,
2008; Cheng and Zhao, 2023). Hence, a slight increase
in the liver-specific enzyme ALT, together with marked
elevation of non-specific hepatic markers such as AST
and ALP, as observed in the Cd control group, might
be indicative of broader systemic toxicity rather than
isolated hepatocellular damage by Cd exposure. Previous
scientific reports have already demonstrated oxidative
stress and structural damage in multiple organs upon Cd
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exposure, including bone abnormalities, and hence provide
substantial validation to the present findings (Winiarska-
Mieczan, 2014; Duranova et al., 2014; Kong et al., 2023).
Also, the study by Uchida et al. (2017) has reported the
hepatoprotective effect of citral on acetaminophen-induced
liver injury by attenuation of hepatic serum levels, restoring
the hepatic function, similar to the present study.

3.4. Antioxidant parameters

The current study evaluated antioxidant markers such as
lipid peroxides (LPO) and GSH in the kidney as well
as liver tissues. The Cd control group demonstrated a
significant (p<0.001) elevation in the liver and kidney
LPO levels as compared to the normal control group,
whereas the treatment with LGO and citral at both doses
significantly (p<0.001) reduced the lipid peroxide levels in
both liver and kidneys (Table 4). Besides, a restoration to
normal condition was observed in both doses of citral in the
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Table 4: Effect of LGO and citral on antioxidant parameters

Normal control  Cadmium control LGO 45 LGO 90 Citral 45 Citral 90
LPO (nM MDA ¢g7)
Kidney 81.65+1.28* 105.94+0.85¢ 89.58+0.77" 90.23+1.89" 82.58+1.55*  83.59+3.58*
Liver 41.8120.76* 73.40+3.50¢ 48.95+1.88P 46.33+1.39®*  46.53+0.75® = 49.49+0.84"
GSH (g mg™)
Kidney 2.19+0.09* 3.22+0.07° 2.50+0.13¢ 2.42+0.16* 2.57+0.18* 2.60+0.11*
Liver 4.42+0.21* 8.30+0.29¢ 5.89+0.29° 5.44+0.24° 5.33+0.17° 5.37+0.15°

Values are expressed as Mean+SEM, n=6; Values bearing different superscripts vary significantly at p<0.001 in the row

kidney, demonstrating its high potential in scavenging free
radicals. These results align with earlier studies, showing a
significant rise in MDA levels in the Cd control group due
to enhanced lipid peroxidation, along with disruptions in
antioxidant defenses and associated tissue damage (Ghonim
et al., 2017; Iserheinrhien and Okolie, 2022). Interestingly,
in contrast to the typical decline in GSH levels observed
under oxidative stress, the present study recorded (p<0.001)
elevated GSH concentrations in the Cd-treated group as
compared to the normal control. This unexpected increase
may reflect a compensatory cellular response aimed at
counteracting Cd-induced oxidative stress. However,
treatment with LGO and citral at both doses brought
the GSH levels comparable to those of normal control
groups (Table 4). This normalisation suggests a possible
alleviation of oxidative burden and restoration of redox
homeostasis by citral and LGO treatment. The elevated
GSH levels in the Cd control group might have resulted
from enhanced GSH biosynthesis, driven by increased
activity of y-glutamyl cysteine synthetase (GCL), the key
enzyme regulating GSH production. This process relies
on ATP and precursor amino acids such as glutamate,
cysteine and glycine, which might initially get stimulated
as part of a protective response (Dukic-Cosic et al., 2020).
Ogasawara et al. (2014) investigated the role of GSH in
Cd exposure using Jurkat T cells. They found that low Cd
levels rapidly elevated GSH via the Nrf2 transcription factor,
suggesting a detoxification response. Because silencing Nrf2
expression can increase Cd toxicity, which further supports
the present findings and proposed hypothesis of increased
GSH production for countering the Cd-induced oxidative
stress in kidney and liver tissues.

3.5. Histopathology of the kidney

Normal histological features with intact glomeruli and
tubules were observed in the normal control group, whereas
Cd control group revealed severe tubular degeneration and
tubular vacuolation. In addition, minimal bifocal interstitial
perivascular infiltration of predominantly mononuclear
inflammatory cells was also noted. The treatment with

LGO 45 and 90 mg kg™ dose levels reduced the severity
of lesions and showed moderate tubular degeneration and
tubular vacuolation as compared to the Cd control group.
Meanwhile, citral treated group at the 45 mg kg™ dose level
exhibited only a mild degenerative change in the tubules,
alongside a restoration to near-normal architecture in renal
tissues by citral at 90 mg kg (Plate 1). Numerous other
studies also have revealed the nephrotoxic effects of Cd as
evidenced by the congestion of renal corpuscles, atrophied
glomeruli, degenerated convoluted tubules, perivascular
edema and others (Ansari et al., 2021; Badawy et al,,
2023; Omar et al., 2024). In a study conducted by Hagagg
(2015), lemon grass (Cymbopagon citratus) extract exhibited
nephroprotective effects in cisplatin-induced kidney injury
as evident from reduced severity of tubular degeneration,
focal sub-acute interstitial nephritis, and tubular necrosis,
which corroborates the possible nephroprotective effects as
presented in this study.

Plate 1: Kidney sections (H&E) at 40X magnification. A)
Normal control B) Cadmium control C) LGO 45 mg D)
LGO 90 mg E) Citral 45 mg F) Citral 90 mg

3.6. Histopathology of liver

On histological examination, the normal control group
preserved the architecture, as evidenced by the well-
defined hepatic lobules. On the contrary, the Cd control
group showed moderate vacuolar degeneration, showing
macrovesicular steatosis within hepatocytes. However,
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LGO and citral treatment at both dose levels reduced the
degree of Cd-induced degenerative changes, with LGO
groups showing mild microvesicular degeneration, and
citral at 45 mg kg™ depicting only a minimal microvesicular
degeneration. Further, the liver sections of animals treated
with citral at a 90 mg kg™ dose level revealed restoration of
normal architecture of hepatocytes even after Cd exposure,
indicating higher therapeutic efficacy (Plate 2). Similar
findings were observed in a study by Rahim et al. (2014),
wherein well-arranged hepatocytes with non-vacuolated
cytoplasm were exhibited by the Cymbopogon spp.
administered group in hydrogen peroxide-induced liver
injury and validated the potential antioxidant properties
of LGO and its major constituent, citral. Furthermore,
the study conducted by Uchida et al. (2017) also revealed
that LGO treatment effectively improved the degenerative
changes, central vein congestion, infiltration of inflammatory
cells, and vacuolization of hepatocytes induced by the
acetaminophen treatment.

Plate 2: Liver sections (H&E) at 40X magnification. A)
Normal control B) Cadmium control C) LGO 45 mg D)
LGO 90 mg E) Citral 45 mg F) Citral 90 mg

4. CONCLUSION

hronic exposure to Cd was associated with oxidative

stress, inflammation, and progressive dysfunction of
the kidney and liver. Due to limited effective therapeutic
strategies for Cd-induced toxicity, the present study
evaluated lemongrass oil and its major component, citral.
Both LGO and citral effectively mitigated Cd-induced
nephrotoxicity and hepatotoxicity, and demonstrated strong
antioxidant potential. Hence, LGO and citral might be
recommended for advanced efficacy and safety studies as
promising therapeutic agents for the effective management
of Cd toxicity in both humans and animals.
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