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Abstract

The present research aimed at studying different bioactive constituents and the potential hypolipidemic effect of the roasted
lemon powder along with the anticancer activity of its methanol extract. Volatile compounds and fatty acids’ profile in roasted
lemon were analyzed. Individual phenolic compounds and total phenolic and flavonoidal contents and DPPH® scavenging
capacity of the methanol extract were determined. The anticancer activity of the extract was evaluated in human cell line from
hepatocellular carcinoma (Hep-G2) and breast adenocarcinoma (MCF-7). The hypolipidemic effect of roasted lemon was
assayed in Triton X-100 induced hyperlipidemic rat. Results demonstrated D-Limonene to be the major volatile compound
while hisperdin was the main phenolic compound. Total phenolics, flavonoids and DPPH® scavenging activity were 8.59+
0.098 mg gallic acid equivalent, 8.10+ 0.17 mg catechin equivalent and 5.05+ 0.07 mg trolox equivalent/g, respectively.
Linoleic acid was the major fatty acid while linolenic acid was present as 10.04%. The anticancer activity of the extract
showed IC50 to be 240 and 148pg/ml towards Hep-G2 and MCF-7, respectively. In-vivo experiment demonstrated that intake
of roasted lemon improved hyperlipidemia and reduced cardiovascular risk factor, malondialdehyde, transaminases, creatinine
and body weight gain. It could be concluded that roasted lemon methanol extract showed anticancer activity towards Hep-G2
and MCF-7, with superiority to MCF-7. The roasted lemon possessed hypolipidemic and antioxidant activities along with
cardio-, hepato- and reno-protective effects with body weight reducing ability. Such effects might be related to the presence of
volatile compounds specially D- Limonene, the phenolic and flavonoidal compounds and linolenic acid.

Keywords: Roasted lemon; Volatile compounds; Methanol extract; Phenolic compounds; Fatty acids; Cancer cell line;
Hyperlipidemic rats.

and might possess anti-cancer effect. The daily use of

Introduction lemon in culinary purpose in both fresh and dry

Citrus limon fruit (L.) is considered as a rich
source of bioactive constituents like phenolic acids,
flavonoids, terpenes, tannins, fibers, vitamin C and
essential oil represented mainly by limonene [1,2].
Lemon fruit was demonstrated previously to possess
different biological activities including antioxidant,
anti-inflammatory,  antimutagenic =~ and  anti-
proliferated effects [3,4]. Therefore, as a whole,
lemon fruit may be considered as a functional food
that may have protective effect towards chronic
diseases. Due to the aforementioned bioactivities,
lemon fruit may have cardiovascular protective effect

roasted forms stimulates the research team to study
its anti-cancer effect along with the protective effect
towards hyperlipidemia which has a strong
correlation to cardiovascular diseases (CVDs).

Inflammation and oxidative stress are among the
considered main causes of chronic diseases like
cancer and CVDs. Hypercholesterolemia (TC) and
elevated low density lipoprotein-cholesterol (LDL-C)
together with reduced high-density lipoprotein (HDL-
C) and elevated TC/HDL-C are considered risk
factors for CVDs. Elevated oxidative stress
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represented by high malondialdehyde (MDA) is an
another risk factor for CVDs [5] which might be due
to the possible production of oxidized LDL.

Triton X-100 is a nonionic surfactant which is used
to induce experimental hyperlipidemia in rats for
testing new hypolipidemic remedies [6-8]. In addition
to hyperlipidemia, Triton X-100 was reported to
produce elevation in liver fat and inflammation that
may have a hand in inducing hypercholesterolemia
and CVDs in such rat model [7]. Drug used to reduce
cholesterol like atorvastatin, has a low bioavailability
[9] therefore it must be prescribed in large dose
which could subsequently increase the drug side
effects on liver and kidney along with induction of
myopathy [10]. Therefore, nutraceuticals from lemon
fruit and the whole lemon fruit that may have no side
effects might be an alternative or complementary
remedy to atorvastatin.

Breast and liver cancer are among the common
cancers worldwide. Liver cancer is one of the most
resistant types of cancer to chemotherapy therefore
searching new remedy is crucial, lemon alcohol
extract might be beneficial. Also, more than 2.3
million new cases and 685,000 deaths from breast
cancer were reported in 2020. It has been predicted
that by 2040 the burden from breast cancer would
increase to more than 3 million new cases and 1
million deaths per year [11]. The presence of
phenolic compounds and a part of the wvolatile
bioactive constituents in lemon alcohol extract might
have anticancer effect [4,12].

The aim of the present research was to study the
essential oils, fatty acids’ composition, total phenolic,
total flavonoids and individual phenolic acids and
flavonoids in roasted dry lemon. The in-vitro
antioxidant activity of roasted lemon was also
assessed. In-vivo hypolipidemic effect of the whole
roasted lemon powder was studied in triton X-100
induced hyperlipidemic rats. The anticancer effect of
the methanol extract was assayed using liver and
breast human cancer cell line. Roasted lemon was
used in the present study instead of fresh lemon, to
investigate whether the preserved roasted lemon still
possesses functional activity or not.

Materials and Methods

Materials:

The lemon fruits (Citrus limon L.), Family
Rutaceae, Egyptian variety, were obtained from local
market, Cairo, Egypt and washed thoroughly to
remove dust and other foreign materials. Reference
standard materials and reagents as gallic acid,
catachin, chlorogenic acid, caffeic acid, cinnamic
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acid, ferulic acid, p-coumaric, caffeine, Hesperidin,
fatty acids, Folin—Ciocalteu, DPPH, sodium
carbonate were purchased from Sigma-Aldrich
Chemical Co. Inc. (Louis, USA). HPLC-grade
acetonitrile and methanol were obtained from thermo
fisher chemicals, USA). Triton X-100 was purchased
from Loba Chemie Pvt Ltd, a manufacturer of
laboratory reagents and fine chemicals (Mumbai,
India).

Methods:
Dehydration technique.
Pretreatment of the whole lemon fruits:

Lye treatment of whole lemon fruits with 1%
sodium hydroxide solution was applied to remove
outer waxy layer to improve moisture diffusion
through outer peel as recommended by Nasr et al.
[13].

Drying process

Whole lemon fruit was dried at 60 °C in a hot air
oven (Fisher Bioblock Scientific, Model Do 315H)
until the moisture content was below 20% according
to Ozcan et al.[14]. Then the dried whole lemon fruit
was roasted at 180 °C for 1 hour to get the final
product as illustrated in Fig. 1. Roasted lemon was
crushed into fine powder for the subsequent
experiments.

Fig 1. Roasted lemon

Determination of total phenolics, total flavonids,
and antioxidant activity
Extraction

One gram of roasted lemon powder was extracted
twice with 10 mL of methanol and homogenized
using the Ultra-Turrax homogenizer for 20 min. the
extract was centrifuged at 10,000 rpm for 20 min.
The supernatant was collected prior to analysis.
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Determination of total phenolics content:

The total phenolic content was determined by
Folin-Ciocalteu (FC) reagent according to Zilic et al.
[15]. Briefly, the extract (50 uL) was reacted with
100 uL of FC reagent. After 5 min, the mixture was
neutralized with 500 pL of 20% aqueous sodium
carbonate solution and the total volume was adjusted
to 4 mL with distilled water. After 40 min, the
absorbance was measured at 725 nm against the
solvent blank. The total phenolic content was
obtained from the calibration curve of gallic acid.
The result was expressed as mg gallic acid equivalent
(GAE) per g of sample.

Determination of total flavonids content:

Colorimetric assay of total flavonid content using
aluminum chloride was implemented according to
Zilic et al. [15]. Briefly, 100 uL of extract was mixed
with 300 pL of a 10% aluminum chloride solution.
After 5 min, 300 pL of 5% sodium nitrite was added
and the volume adjusted to 2.5ml. The solution was
left 5 min and 1.5 mL of 1 M sodium hydroxide was
added. The absorbance was measured at 510 nm
against the solvent blank. The total flavonid content
was obtained from catechin calibration curve, and the
result was expressed as mg catechin equivalent (CE)
per g of sample.

Determination of DPPH radical scavenging
activity:

Free radical scavenging capacity of the roasted
lemon extract was determined using the stable
DPPH*® according to Hwang and Do Thi [16]. The
absorbance was measured at 517 nm against a pure
methanol after 60 min of incubation in a dark
condition at ambient temperature. Percent inhibition
of the DPPH free radical was calculated by the
following equation:

Inhibition (%) = 100 x [(4 control-A sample)/A
control]

Where:

A control is the absorbance of the control reaction
(containing all reagents except the test compound).

A sample is the absorbance with the test compound.
The calibration curve was prepared using Trolox.
Results were expressed as mg Trolox equivalents
(TE)/g sample).

Assessment of phenolic compounds profile by
High Performance Liquid Chromatography
(HPLC)

Roasted lemon powder (1g) was pre-extracted by
alkaline hydrolysis (20 ml of 2M sodium hydroxide)
in a quick fit flask and flushed with nitrogen. The
sample was shacked for 4 h at room temperature.
After hydrolysis the pH was adjusted to 2 with 6 M
hydrochloric acid. Then, the phenolic compounds
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were extracted twice with 50 ml ethyl ether and ethyl
acetate 1:1. The organic phase was separated,
collected and evaporated at 45°C to dryness and the
remaining was reconstituted in 1ml methanol.

Chromatographic analysis of phenolic compounds
was performed using HPLC series 1100 (Agilent
Technologies, CA, USA) according to Kim et al. [17]
with some modifications. HPLC system equipped
with a quaternary pump, an autosampler injector, a
diode array detector, and Agilent Eclipse XDB C18
(150 - 4.6 pm; 5 pm) column. Ten microliters of
samples were injected. the gradient separation of
phenolic compounds was done using acetonitrile
(solvent A) and 2 % acetic acid in water (solvent B)
at a flow rate of 1 mL/min. Elution was initiated at
0% solvent A; the percentage of solvent A was
increased from zero to 15% in 30 min, and to 50% in
20 min, then to 100% for 5 min. finally back to initial
point (0 % of A) in 5 min.  The benzoic and
cinnamic acid derivatives, and flavonid compound
were monitored at 280, 320, and360 nm respectively.
Identification and quantification of detected
compounds were performed by comparing the
retention times and peak areas with those of reference
standards.

Determination of volatile compounds by
Headspace — Solid Phase Microextraction Gas
Chromatography — Mass Spectrometry (HS-
SPME-GC-MS) analysis:

Volatile compounds in the roasted lemon were
extracted and detected using the HS-SPME-GC-MS
methods published by Zhang et al. [18]. The
extraction method was as follows: 5 g whole dried
lemon powder was put in the 20 mL headspace vial
then, the sample vial was heated for 20 min at 50°C
to accelerate extraction equilibrium of the headspace
for volatile compounds. Then volatile compounds
extraction was carried out by inserting a 65 um
divinylbenzene/ Polydimethylsiloxane SPME fiber
(Supelco, Bllefonte, PA, USA) into the head space of
the vial. At the end of the extraction, the fiber was
desorbed into the injection port of the GC at 250°C
for 5 min.

Gas Chromatography — Mass Spectrometry (GC —
MS) analysis:

The analysis was performed on an Agilent 8890
GC System, coupled to a mass spectrometer (Agilent
5977B  GC/MSD). Volatile compounds were
separated on an HP-5ms fused silica capillary column
(30 m x 0.25 mm x 0.25 um), and the oven
temperature program was set as follows: the initial
temperature was 50°C, held for 2 min, ramped at
5°C/min to 200°C, then held for 3 min and increased
at 10°C/min to 280°C, held for 5 min at final
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temperature. The volatiles were injected in the GC
with a split less mode. Helium carrier gas was used at
a flow rate of 1 mL/min. The injection port
temperature was 250°C, and the injection mode was
manual. Mass spectrometric detection parameters
were set as follows: ionization method EI, electron
energy 70 eV, ion source temperature 230°C, MS
quadrupole temperature 150°C, mass scanning range
mass-to-charge ratio (m/z) 39-500 amu, The isolated
peaks were identified by matching them with data
from the library of mass spectra (National Institute of
Standard and Technology, NIST).

Determination of fatty acid methyl esters by gas-
chromatography:

A dried sample of roasted lemon was extracted by
petroleum ether (60-80 °C) using soxhlet and the oil
was obtained after evaporation of the solvent under
vacuum. The fatty acid composition was determined
by the conversion of oil to fatty acid methyl esters
prepared by adding 1.0 mL of n-hexane to 15 mg of
oil followed by 1.0 mL of sodium methoxide (0.4
mol), according to the modified method of Zahran
and Tawfeuk [19]. The mixtures were vortexed for 30
seconds and were allowed to settle for 15 minutes.
The upper phase containing the FAMEs was
recovered and analyzed by gas chromatography (GC-
FID). FAMEs were identified by comparing their
relative and absolute retention times to those
authentic standards of FAMEs. The fatty acid
composition was reported as a relative percentage of
the total peak area.

Type and Condition of GC Analysis: Perkin Elmer
Auto System XL Equipped with flame ionization
detector (FID) was used. Fused silica capillary
column ZB-Wax (60 m x 0.32 mm i.d) was used.
Oven temperature was maintained initially at 150°C,
then programmed from 150 to 220 °C at a rate of 3 "C/
min, then held at 220 °C for 20 min. Injector
temperature was 240°C. Detector temperature was
250°C. Carrier gas was Helium with flow rate of 1ml/
min.

Anti-cancer (Cytotoxic) activity of roasted lemon
methanol extract

Two cancer cell lines HepG-2 (liver cancer cells)
and MCF-7 (breast cancer cells) were supplied from
National Cancer Institute, Cairo University, Egypt.
The anti-cancer activity of crude methanol extract of
roasted lemon was tested using cell line technique
[20]. The methanol extract was prepared as the
aforementioned method under determination of total
phenolic; the pure extract was obtained after
evaporation of the solvent under vacuum. The cells of
HepG-2 and MCF-7 were separately plated in 96-
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multiwell plate for 24 hours to be attached to the wall
plate before treatment with the extract. Different
concentrations from the extract were prepared (0,
62.5, 125, 250 and 500 pg/ ml) and applied to the cell
monolayer, 6 well were used for each individual
dose. The plate was incubated for 48 hours at 37°C in
5% CO2 atmosphere, then cells were fixed and
stained with sulfo-rhodamin-B stain, then excess
stain was washed with acetic acid while the attached
stain was recovered with Tris EDTA buffer. Color
intensity was then measured in an ELISA reader.
Survival fraction from the cancer cells were plotted
against the extract concentrations. IC50 (the
concentration of the extract which reduces the
survival of the exposed cancer cells to 50%) was
obtained from the curve.

In-vivo hyperlipidemic experiment
Animals

Male Wistar rats with body weight of 170-180 g
were purchased from the Animal House Unit of the
National Research Centre, Egypt. The rats were kept
in stainless steel cages with 12 hour light/dark cycle
and given food and water ad libitum. Animals were
treated in accordance with the guidelines and
regulations of the National Institute of Health Guide
for Care and Use of Laboratory Animals (NIH No.
85: 23 revised 1985) and the ethics committee of the
National Research Centre, Cairo, Egypt.

Preparation of Triton X-100

Exactly one gram triton was dissolved in saline up
to 15 ml. Rats were given 100 mg triton/ kg rat body
weight through intra-peritoneal injection according to
Gundamaraju et al. [6]. Meanwhile normal control
rats were given the same amount of saline intra-
peritoneal as being the vehicle

Diets’ composition

Balanced diet was fed to rats of the normal control
(NC) and dyslipidemic control (HC) groups. The
balanced diet composed of 12% casein, 8% corn oil,
70.5% starch, 5% wheat bran, 3.5% mineral mixture
and 1% vitamin mixture. The test group was given a
balanced diet containing 5% roasted lemon powder
on the expense of starch.

Design of the animal experiment

Three groups were assigned, each of eight rats.
Rats of group 1 and 2 were fed on balanced diet
while rats of group 3 consumed balanced diet
containing 5% roasted lemon powder. In the day 18,
rats were fasted overnight and in the subsequent day
(day 19) rats of the second and third groups were
given 100 mg of triton X-100/kg rat body weight
intra-peritoneal while that of the first group were
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treated intraperitoneal with saline as the vehicle. The
aforementioned diets were continued fed to rats with
the same previous sequence. The normal control
(NC) group was represented by group 1, group 2
served as the hyperlipidemic control (HC) while the
third group was the test group. In the day 21, rats
were weighed and fasted. Rats were anesthetized by
pentobarbital and blood samples were received in
heparinized tubes, and centrifuged for separation of
the plasma. Plasma triglycerides (TGs), total
cholesterol (TC), HDL-C and LDL-C were
determined according to the previously described
colorimetric methods [21-24]. Plasma
malondialdehyde (MDA) was assessed as biomarker
of lipid peroxidation and oxidative stress by applying
the method of Satoh [25]. Liver function was
assessed by determination of alanine transaminase
(ALT) and aspartate transaminase (AST) activities
[26]. Plasma creatinine and urea were assessed as
indicator of kidney function [27,28]. The ratio of
TC/HDL-C was calculated to indicate the risk to
cardiovascular diseases [29].

Statistical analysis

Data from in-vivo experiment were expressed as
meant SE. Data were statistically analyzed by
applying one-way analysis of variance followed by
the Tukey multiple comparison test using the SPSS
statistical program. Differences were considered
significant at P value less than 0.05. Data from
anticancer test, in-vitro antioxidant activity, total
phenolic and flavonoids were expressed as means+
SD.

Results

The values of total phenolics, flavonoids and
DPPH scavenging activity were 8.59+ 0.098 mg
GAE/g, 8.10 = 0.17 mg CE/g and 5.05 +0.07 mg
TE/g roasted lemon, respectively (Table 1). Different
phenolic compounds of roasted lemon fruits that
analyzed by HPLC were shown in table 2.The major
flavonoid was hisperdin followed by catechin, then
apegnin-7-glycoside, naringin, rutin and quercetin.
Gallic acid, protocatechuic acid, p-coumaric acid and
cinnamic acid were the prominent phenolic acids
followed by caffeic, syringic acid, ferulic and p-
hydroxybenzoic acid while vanillic acid showed the
least level.

The relative percentages of volatile compounds of
the roasted lemon are present in table 3. D-Limonene
was the major essential oil followed by B-Pinene, y-
Terpinene, a-Pinene and o-Bergamotene (38.94,
22.45, 8.54, 4.44 and 3.60, respectively), the relative
% of all other volatile compounds were less than 3.
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Table 1. Antioxidant activity as DPPH scavenging
activity, total phenolics and total flavonoids contents
of roasted lemon fruits.

Parameters Values

Total phenolic  (mg GAE/g) 8.59 +0.098
Total flavonids (mg CE/g) 8.10+0.170
Antioxidant activity DPPH (mgTE/g) | 5.05 +0.070

GAE-= gallic acid equivalent
CE = catechin equivalent
TE= Trolox equivalent

The fatty acids’ composition of the petroleum
ether extract of roasted lemon fruit is demonstrated in
table 4. It could be noticed that Linoleic acid (®-6)
was the major fatty acid (34.05%) followed by
palmitic which is saturated fatty acid (26.35%) and
oleic (21.22%) as representative of ®-9 fatty acid
while linolenic acid (®-3) was present as 10.04%.
The percentage stearic, palmitoleic and arachidic
were 5.57, 0.57 and 0.55, respectively. The total
unsaturated fatty acids represented by 65.88% which
were higher than total saturated fatty acids (32.47).
The ratio ®-6/w-3 was calculated to be 3.4/1.

The anticancer results are shown in Fig. 2. It could
be noticed that the methanol extract of roasted lemon
produced marked anticancer effect towards HepG-2
and MCF-7 human cell line with IC50 value of 240
and 148 pug/ ml, respectively.

The results of the in-vivo hyperlipidemia
experiment are outlined in table 6 and 6. The
injection of rats by triton X-100 produced significant
increase in plasma TGs, TC, LDL-C and TC/HDL-C
along with reduction of HDL-C compared to the NC
group. Feeding rats a diet containing 5% roasted
lemon powder produced significant reduction in TG,
TC, LDL-C and TC/HDL-C with increased HDL-C
compared to the HC group. Only plasma TC and
TC/HDL-C of the group given 5% lemon diet showed
insignificant change from the NC group while
surprisingly the TGs showed significant reduction.
Plasma MDA, creatinine, AST and ALT were
significantly elevated in the HC group compared to
the NC group while urea showed insignificant effect.
The test group fed on 5% lemon diet produced
significant reduction on such parameters that matched
the normal level in case of the MDA. Plasma
creatinine and urea of the rats fed on lemon diet
demonstrated significant reduction compared to the
NC group while ALT and AST activity showed
significant higher level. Final body weight and body
weight gain of the HC group showed insignificant
reduction compared to the NC group. Such
parameters demonstrated significant decreases in the
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group fed on lemon diet compared to the NC group
and insignificant changes compared to the HC group.

Table 2. Different phenolic compounds (ng/g)
of roasted lemon fruits by HPLC.

Concentration

Compound (ug/g)

Gallic acid 29431
Protocatechuic acid 23.303
p-hydroxybenzoic acid 7.005
Catechin 669.927
Chlorogenic acid ND*
Caffeic acid 14.205
Syringic acid 11.836
Vanillic acid 1.479
Ferulic acid 7.678
p-coumaric acid 21.829
Rutin 69.077
hisperdin 2556.851
naringin 86.390
apegnin-7-glycoside 173.223
Cinnamic acid 20.694
quercetin 11.355
Kaempferol 76.341
Chrysin ND*

ND= not detected*

Discussion

Citrus limon methanol extract showed marked
anticancer effect against Hep-G2 and MCF-7 in the
present study which might be due to its total phenolic
and flavonoidal contents seen in the current results.
Such contents were demonstrated previously to
possess anticancer effect which might be related to
their anti-inflammatory activity [30]. As a matter of
fact the methanol extract in the present study most
probably contains volatile constituents due to its
extraction on cold. Citrus limon and other citrus fruit
peel was reported to possess anticancer effect due to
presence of essential oil specially limonene [31]. Li
et al though reported cytotoxicity effect of Citrus
limon essential oil however it was of the least effect
among 4 citrus fruit, the mechanism include G0/Gl
cell cycle arrest in lung cancer [32]. Reduction of the
expression of inflammatory cytokine IL-6,
cyclooxygenase- 2 and nuclear transcription factor
kappa B p65 by C-limon in mice ear edema was
reported in the aforementioned study together with

Egypt. J. Chem. 67, No. 4 (2024)

radical scavenging activity which might be involved
in the mechanism of action as anticancer. The
flavonoids hesperidin and rutin which are present in
the methanol extract as shown from the present study
were reported to have anticancer activity [33].
Catechin which is present in appreciable amount in
the lemon methanol extract was reported previously
to inhibit A549 cells thereby suppress cancer cell
proliferation [34].

.Table 3. Volatile compounds in the roasted lemon

RT Compound name Relative %
4.196 | Furfural 1.14
6.142 | o Phellandrene 0.56
6325 | _Pinene 4.44
6.685 Camphene 0.84
7292 | gabinene 0.33
7-395 | B-Pinene 22.45
771 B-Myrcene 1.24
8.414 a-Terpinene 1.03
8.631 p-Cymene 2.83
8.763 | D_Limonene 38.94
9:249 | B.Ocimene 0.28
9.564 y-Terpinene 8.54
10.393 Terpinolene 133
12.911 Terpinen-4-ol 0.85
13.272 a-Terpineol 1.27
14.754 | carvone 0.57
17.288 | §5.Elemene 0.83

18.41 Geranyl acetate 0.25
18.719 B-Elemene 0.96
19.463 B-Caryophyllene 24
19.806 a-Bergamotene 3.60
20.315 | Aromandendrene 0.41
20.996 a-Gurjunene 0.27

In the study of Xi et al. caffeic acid (9.31-741 pg/g
fruit) and chlorogenic acid (2.7-527.5 ng/g fruit)
were the dominant phenolic acids in five tested lemon
fruit cultivars; gallic was 1.64-9.05 ng/g fruit while
ferulic acid was traces [35]. In the aforementioned
study, flavanones were the major flavonoid in lemon
while hesperidin was the predominant flavanone (10-
3315 pg/g fruit) with the presence of rutin as 2.29-
30.57 pg/g fruit; however the fresh fruit was
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grounded by a freezer mill which is different from the
present technique.

Table 4. Fatty acid composition of dried lemon as
percentage of total fatty acids.

Relative
No. Fatty acids concentration
(%)
1 Palmitic acid (C16:0) 26.35
2 Palmitoleic acid (C16:1) | 0.57
3 Stearic acid (C18:0) 5.57
4 Oleic acid (C18:1) 21.22
5 Linoleic acid (C18:2) 34.05
6 Linolenic acid (C18:3) 10.04
7 Arachidic acid (C20:0) 0.55
Total saturated fatty acids 32.47
Total unsaturated fatty acids 65.88
Omega-6/0mega-3 3.4/1

The reduction in MDA in the in-vivo dyslipidemic
rats fed on 5% roasted lemon and the in-vitro DPPH*®
scavenging activity of roasted lemon methanol
extract might be attributed to the antioxidant property
of total phenolic and flavonoid that present in lemon
[36]. According to Xi et al. the DPPH scavenging
value of the lemon fruit was 3.10 to 7.96 % among 5
lemon cultivars which agreed with the present results
[35]. This was supported by a study carried out by
Tounsi et al. that showed in-vitro antioxidant effect
of C. limon from four Tunisian varieties [37].
Restoration of reduced glutathione, superoxide
dismutase and liver function indicated by ALT and
AST was reported on administration of citrus limon
fruit in rats with liver toxicity [38, 39]. Therefore the
improved liver function in the present study on
feeding lemon diet might be ascribed to the
antioxidant and anti-inflammatory activity of lemon.
Elwan et al. also demonstrated the antioxidant effect
of the dry lemon fruit [40]. Bouzenna et al. reported
that the essential oil of Citrus limon has protective
effect on hepatotoxicity and nephrotoxicity induced
by aspirin in rats which was ascribed to its MDA
reducing effect and antioxidant enzymes elevating
effect in both liver and kidney [41].

The improved lipid profile of rats after feeding
lemon diet in the current study agreed with the study
of Trovato et al. and Elwan et al. [40, 42]. The
reduction in total cholesterol in rats might be due to
presence of flavonoids specially hesperidin in
addition to dietary fibers in lemon fruit. Cholesterol
reduction by hesperidin might be due to amelioration
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of HMG-CoA [42]. Dry lemon was reported to
contain dietary fibers like cellulose, hemicellulose
and lignine [40] which may participate in its
hypolipidemic effect. It was also reported [43]that the
essential oil of lemon showed, hypocholesterolemic
and antiatherogenic effect in rabbit along with in-
vitro antioxidant activity preventing oxidation of
LDL which agreed with the present study that
showed improved dyslipidemia, reduced MDA and
reduced CVDs risk factor represented by TC/HDL-C.
The flavonoids analyzed in the methanol extract can
function as direct antioxidant, free radical scavengers
and have the capacity to modulate enzymatic
activities and protect membranes. Peel and whole
fruit of lemon were reported to have significantly
higher level of phenolics than other fruit part [35].
The presence of omega-3 fatty acid represented by
linolenic acid in the roasted lemon might participate
in the hypolipidemic activity and MDA reducing
effect as reported previously in rat [44, 45]. The ratio
omega-6/omega-3 in roasted lemon (3.4/1) which is
lower than 4/1 indicated its cardio-protective effect as
demonstrated in the study of Djuricic and Calder [46]

The major volatile compound in lemon in the study
of Lee et al was limonene followed by y-terpinene, a-
pinene and B- pinene [43] which was similar to the
present study however the relative% was different
than the current results which might be due to the
used drying technique for drying lemon. Also the
study of Li et al. [32] showed the major essential oil
to be D- limonene; in addition to different volatile
compounds that similar to the present study.

The reduced body weight due to intake of lemon
diet in the present study reflects the anti-obesity
effect of roasted lemon. In contrast to the present
results a previous study feeding diet containing 1%
and 2% of dried lemon (drying was at 40°C without
roasting) to rabbit produced significant increase in
body weight gain [40] which might be due to
difference in drying techniques and /or the percentage
of lemon powder. On the other hand herbal mixture
containing lemon juice was demonstrated to have
anti-obesity effect [47].

It is worthy to mention that the combination of
bioactive constituents either in the roasted lemon or
in the methanol extract might have synergistic effect
in elucidating the different health benefits seen in the
present study
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Fig 2. Survival fractions of cancer HepG2 cells (A) and MCF7 (B) against lemon extract concentration.

Table 5. Plasma parameters of different experimental groups+ SE

Plasma parameters Groups
Normal control Hyperlipidemic Lemon treated
control group
TC (mg/dL) 75.2°¢1.72 119.9%+2.26 85.4°+2.13
Triglycerides (mg/dL) 58.0°+2.59 111.9°£1.65 29.0°¢1.3
HDL-C (mg/dL) 43,9°+1.03 39.1°41.72 49.5%+1.55
Low density lipoprotein-cholesterol (mg/dL) 19.7°¢0.86 58.4°+1.51 30.1°+1.38
TC/HDL-C 1.7°+0.02 3.1%+0.1 1.7°+0.04
Malondialdehyde (nmol/ml) 2.5°+0.24 4.3%+0.27 2.2°40.24
Creatinine (mg/dL) 1.15°+0.11 1.48°10.14 0.82°+0.06
Urea (mg/dL) 64.2°+0.95 68.7°+1.75 52.1°+1.68
Aspartate transaminase activity (U/L) 28.3%43.17 64.5%+2.5 37.7°+1.05
Alanine transaminase activity (U/L) 40.1°42.11 82.1°+1.99 61.3°+2.64
Different superscript letters in the same row means significant difference
TC: Total cholesterol, HDL-C: High density lipoprotein-cholesterol.
Table 6. Body weight parameters (mean+ SE)
Body weight parameters
Initial body weight Final body weight Body weight gain
Groups (g) (8) (8)
Normal control 175.7£1.91 243.5+8.42 67.8%48.185
Hyperlipidemic control 175.0+1.77 235.048.01 60.0+9.09
Lemon fed group 175.5+3.170 222.0%12.84 46.5°+10.03

Different superscript letters in the same column means significant difference

Conclusion

The methanol extract of roasted lemon showed
anticancer activity towards Hep-G2 and MCF-7,
which was superior in the second case. Roasted
lemon demonstrated hypolipidemic effect with
reduction of oxidative stress and improvement of
liver and kidney functions along with reduction of

Egypt. J. Chem. 67, No. 4 (2024)

cardiovascular risk and body weight gain. Such
effects might be related to the presence of volatile
compounds specially D- Limonene, the phenolic
and flavonoidal compounds and linolenic acid
demonstrated in the present study together with the
DPPH?* scavenging activity shown by the methanol
extract.
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