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Abstract

For many years, natural bioactives have been used to treat, cure, and prevent diseases. Crude extracts from fruit
seeds have been demonstrated to possess a range of advantageous biological properties, including anti-
inflammatory, antioxidant, and anti-tumorous effects. In this study, the seeds of Garden Cress (Lepidium sativum,
Cr) were extracted using ethanol as a solvent and two extraction techniques. These methods are microwave-
facilitated extraction and successive microwave-ultrasound-assisted extraction, resulting in Cr-1 and Cr-2,
respectively. These two ethanolic extracts were investigated for several biochemical characteristics, including
flavonoid content, phenolic content, antioxidant, anti-inflammatory, cytotoxic, and cytoprotective effects. The first
and second characteristics were computed using the colorimetric AICI; and Folin-Ciocalteu colorimetric methods,
respectively. The antioxidant characteristic was investigated against two reactive species, hamed hydroxyl and
DPPH. Also, the total reducing power was calculated in this regard. The anti-inflammatory-reducing characteristics
of the extracts were evaluated employing three inflammation-progressing enzymes. The last two characteristics
were assessed using MTT-based methodology in two malignant and one healthy cellular population, respectively.
The outcomes demonstrated that the extract of microwave-facilitation (Cr-1) has the highest flavonoid and phenolic
contents, as well as the best antioxidant activity. Furthermore, when compared to the other one, Cr-1 showed a
greater inhibitory effect on inflammation-progressing enzymes and selectivity against COX2. At the applied
concentrations, neither extract, however, had any antiproliferative effect on malignant or healthy cellular lines.
Moreover, the extracts had no additional influence on the ability of 5-fluorouracil (5-FU) to stop the proliferation of
malignant cells. However, when the extracts were individually applied with 5-FU, the cytotoxic capability of the drug
in healthy cellular populations was substantially lowered. Given these findings, the authors concluded that using Cr-
1 together with 5-FU may serve as a measure of normal cellular protection.
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that have led to the evolution of numerous
chronic diseases. Every year, chronic illnesses
such as diabetes, cancer, heart diseases,
inflammation, and neurological disorders claim
the lives of millions of people [1]. It has been
reported that bioactive substances, including
medications, can be separated and abstracted
from natural sources. For primary healthcare,
68% of people worldwide utilize traditional
medicines, the majority of which are herbs [2].
One of the most prominent sources of naturally
occurring chemicals with biological activity is me-
dicinal plants, or herbs, which form the basis of
traditional medical systems in many countries
across the world [3,4].

The little annual herb Lepidium sativum goes
by several names, depending on the area. It is
known as "Rhashad" in Iraq and as "Garden
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Cress (Cr)" in other areas. It is a member of the
mustard, or Brassicaceae, family [5]. Originally
from West Asia and Egypt, this tasty herbaceous
plant grows swiftly and is currently grown all over
the world. One of Cr's major features is its ability
to grow in any kind of soil and environment [6].
This herb is being considered as a functional diet
owing to its high nutritional content, which
involves a variety of micro- and macronutrients
that can boost an individual's productivity. [7].
The Cr plant has long leaves thatare

found near the stem's base. Whereas at the tip of
the stalk, there are small green leaves that are
resembling feathers (Figure 1, a). The seeds are
brick-red in color and oval (Figure 1, b). Minerals,
omega-3 fatty acids, protein, dietary fiber, and
various bioactives, are abundant in these seeds

[8].

Figure 1. The visual appearance of the Cr herb (a) and its seeds (b)

Traditionally, a variety of health conditions in
the cardiovascular, pulmonary, rheumatologic,
dermatologic, metabolic, and gastrointestinal sys-
tems have been treated with various parts of the
Cr plant. In addition, the seeds were employed in
traditional medicine to treat a variety of ailments,
including splenomegaly, dropsy, lumbago, ab-
dominal colic, bone fractures, and sexual debility.
Furthermore, it may also help nursing moms pro-
duce more milk, according to some research
[9,10].

In recent years, various research has been
conducted on plant seeds’ extracts. These studies
have revealed a multitude of beneficial bioactivi-
ties. These possible antiviral, antibacterial, and
antiparasitic properties, in addition to the anti-
inflammatory, antioxidant, and anticancer effects

[11-13]. Counteracting oxidative stress is a vital
factor in the potential use of plant seeds. It is note-
worthy that oxidative stress and persistent inflam-
mation may play a role in the emergence of can-
cer. These elements may cause cells to become
malignant, encourage the development and spread
of tumors, start the process of creating new blood
vessels, and change the structure of tissues
[14,15].

The terms "Lepidium sativum" and "activity"
were found in the headlines and/or summaries of
1878 publications that were issued between
January 2024 and 2000, depending on the Scopus
articles search tool. Figure 2 illustrates the results
of the web tool [Link] used to evaluate these rec-
ords, which revealed that 19218 keywords and 162
phrases overlapped at least four different times in
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these articles. Following this process of screening,
phenols, bioremediation, and essential oils emerged
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as the most frequently occurring phrases associated
with the above-mentioned terms.
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Figure 2. Network mapping of Lepidium sativum-linked co-occurring bioactivity-related words extracted from Scopus data.

The objective of this work was to use two dis-
tinct extraction procedures to obtain two ethanolic
extracts, coded Cr-1 and Cr-2, from Cr seeds.
The amounts of flavonoids and phenols present
in these crude ethanolic extracts were computed.
In addition, the antioxidant, cytotoxic, cytoprotec-
tive, and anti-inflammatory potentials of these
extracts were evaluated.

2. MATERIALS AND METHODS
2.1 Ingredients and strategies

The Tokyo Chemical Company and Sigma Al-
drich provided the reagents and chemicals re-
quired for this investigation. Cr seeds were ob-
tained from a local herbal medicine shop in Mo-
sul. The extraction process involved utilizing an
ultrasonic water bath (Power Sonic 410, Korea)
operating at a frequency of 40 kHz and power of
350 W, as well as a household microwave oven
(Moulinex-MW Steam 23L, MW531070, France).

2.2. Preparations of Cr-1 and Cr-2
To prepare the desired extracts from Cr seeds,

as shown in Figure 3, the latter ones were first
crushed in a blender and then sifted to obtain a

fine powder with crystalline properties. This pow-
der is carefully stored in crystal jars in the refrig-
erator until it is needed at a later stage. For the
extraction process, thirty grams of the seed pow-
der were put into conical flasks holding three hun-
dred milliliters of ethanol—the extracting sol-
vent—for the extraction procedure. Two different
extraction methods were employed: one using
only microwave assistance and the other utilizing
a sequential combination of microwave and ultra-
sonic assistance. In the first approach, the sam-
ple was exposed to radiation for 90 seconds in a
microwave that was fixed at 180 W. In the second
approach, following microwave heating for 90
seconds, the sample was transferred to an ultra-
sonic water bath and sonicated. The sonication
period was thirty minutes, and the temperature
was 30°C. The resulting mixtures were filtered
with Whitman No. 1 filter paper after the extrac-
tion procedure. Low pressure has been employed
to concentrate the resultant extracts. The etha-
nol-based liquids obtained from extracting the Cr
seeds using the two different extraction tech-
nigues were first coded and then vaporized under
reduced pressure. The extracts were named Cr-1
and Cr-2 based on their affording techniques,
where number 1 denotes the first method and
number 2 signifies the second [16].
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Figure 3. The extraction algorithm for acquiring the extracts Cr-1 and Cr-2

2.3. Total flavonoidal contents (TFC)

The TFC of each labeled ethanol-based extract
was revealed using the colorimetric AICls method.
The mother solution was first made with an aque-
ous crude solid concentration of 1 mg/ml. A daugh-
ter solution comprising 50 pl was gradually diluted
to 1 ml and then up to 4 ml using DW and metha-
nol as diluents, respectively. The diluted daughter
solution was first mixed with 0.3 ml of a 5% aque-
ous NaNO: solution to initiate the investigation.
Following a 5-minute time frame for incubation, 0.3
ml of a 10% aqueous AICIz solution was added.
For six minutes, the resultant mixture was kept
hidden from light. Next, 2 ml of a hydrous NaOH
solution (1N) was added up, and DW was utilized
as a moderator to minimize the total volume to 10
ml. After an incubation for 15 minutes in a non-
lighting zone of the laboratory, measurements of
the visible absorbance at 510 nm were conducted.
Thereafter, the TFC was calculated by utilizing the
rutin detection curve, and the outcomes were es-
tablished by running triple experimental replicates
[17].

2.4. Total phenolic contents (TPC)
The Folin-Ciocalteu colorimetric technique was

utilized to ascertain the TPC of every ethanol-
based extract. The first stage consisted of creat-

ing a 1 mg/ml aqueous crude solid. 3 ml of dis-
tilled water (DW) was added to the above solution
in order to produce a 200 pl diluted daughter so-
lution. The procedure began through the addition
of the daughter solution to 0.5 ml of Folin-
Ciocalteu reagent, and the mixture was thorough-
ly combined for a period of 3 minutes. Next, 2 ml
of 20% hydrous sodium carbonate was added to
dilute the resulting admixture. After an incubation
in a light-shielded lab zone for 1 hour, the visible
absorbance readings were obtained at 650 nm.
To determine the TPC, a calibration curve of gal-
lic acid absorbance, which served as the norm of
phenol in this research, was employed. This ex-
periment was conducted three times to ensure its
precision [18].

2.5. Inspecting the neutralizing attribute of
free radicals

The Cr-1 and Cr-2's capability to operate as anti-
oxidant herbal preparations was estimated by
employing three affirmed examinations which are
DPPH, .OH and, total reduction power potential
(TRP). The mother solution was generated with a
concentration of 1 mg/ml, and the diluted daugh-
ter solutions were prepared with concentrations
of 25, 50, 100, 125, 250, 500, 750, and 1000
pg/ml. As for the reference antioxidant drug, vit-
amin C, different concentration levels were uti-
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lized: 6.25, 12.5, 25, 50, 100, and 200 pg/ml. The
respective diluents for the DPPH, -OH, and TRP
tests were ethanol, buffer of KsPO4 (pH 7.8, 0.2
M), and potassium phosphate buffer (0.2 M, pH
6.6), respectively [19,20].

2.6. Inspecting the anti-inflammatory attribute

5-Lipoxygenase (5-LOX) antagonist assay: The
Cr-1 and Cr-2 were subjected to a 5-LOX an-
tagonist assay using the 5-LOX antagonizing esti-
mator acquired from Sigma Aldrich with the prod-
uct code 437996. To create the necessary concen-
tration range, various diluted daughter concentra-
tions were prepared between 25 and 1000 pg/ml
from a mother solution with a concentration of 1
mg/ml. The reference drugs, aspirin (ASA) and
celecoxib (CLB), were tested at concentrations
ranging from 0.25 to 64 pg/ml. The investigated
enzyme (90 pl), standard chromogen solution (100
ul), particular sample concentration (100 ul), and
substrate (arachidonic acid, 10 pl, 0.1 mM) make
up the assay blend. After a 10-minute biochemical
incubation period, the absorbance values were
measured spectrophotometrically at 490 nm, rela-
tive to the blank. These absorbance values, along
with their corresponding concentration measure-
ments, were utilized to determine the percentage
of antagonist activity, which was then used to cal-
culate the ICso values for the target compound
[21].

Cyclooxygenase (COX) antagonistic assay: This
assay used the COX (ovine/human) antagonizing
forecasting model, which was purchased from
Cayman and keyed at 560131. The mother and
daughter solutions' concentration levels are com-
parable to those made for the 5-LOX test. The
biomarker combination consists of the studied en-
zyme (10 pl), Tris-HCI buffer (0.96 ml, 0.1 M), and
a specific sample concentration (100 pl). Following
a 10-minute gestation period at 37°C, the mixture
was treated with Ellman's reagent (50 pl, 1 M) for
two minutes. This is after the addition of a sub-
strate (10 pl, 0.1 mM) called arachidonic acid. The
test blend's absorbance score was given with re-
spect to the blank and at 410 nm. The scores were
then gathered and used to determine the antago-
nistic percentages and the 1Csp scores [22].

2.7. Inspecting the anticancer attribute

The MTT-based sight approach was utilized in

this study. In summary, a total of eight aqueous
daughter solutions were created from an aqueous
mother solution with concentrations ranging from
6.25 ug/ml to 800 pg/ml. Each well of a 96-well
arrangement was assigned 10,000 malig-

nant/healthy cells, which were permitted to bi-
oproliferate at 37°C for 24 hours. After that, every
well's active cells received a distinct treatment
with a specified concentration of either the re-
searched chemical-based entity or a reference
drug. This bioincubation process took place at the
same temperature for 72 hours until the cells
firmly adhered to the well walls. To assess the
cell viability, a sight detector called MTT (28 ul,
3.27 mM) was introduced, and the culture medi-
um was removed from the well. The bioincubation
was continued at 37°C for 1.5 hours. The optical
absorbance values at 492 nm were then meas-
ured using a microarray analyzer to distinguish
between the readings from the treated (R treated)
and untreated (R untreated) wells. The cell
growth inhibition percent (GP%) was calculated
using the formula (R untreated - R treated / R untreated) X
100. Graphing the GP% values against the corre-
sponding logarithmic concentrations allowed for
the calculation of the ICso estimate using a non-
linear regression formula. To confirm the results,
the standard deviation (SD) from three separate
investigations was also computed. In this study,
5-FU was used as an analogous anticancer med-
icine, and researchers used two malignant cell
lines, HeLa and MCF-7, along with a healthy cell
line, MCF-A10 [23].

3. RESULTS AND DISCUSSION

Throughout history, numerous societies have uti-
lized medicinal herbs to benefit from their reme-
dial properties due to their safety and effective-
ness. Traditional natural remedies typically in-
volve the use of extracts acquired from different
plant areas. Studies on the secondary metabo-
lites of plant seeds have been carried out in vitro
and in vivo in recent decades to justify their use
and comprehend the mechanisms underlying
their health advantages [24,25].

3.1. Total phenolic and flavonoid contents

One class of phenolic chemicals that is essential
for enhancing human health and preventing dis-
eases is flavonoids. According to studies, the
Brassicaceae family of plants contains phenolic
chemicals, potent antioxidants that shield the
body from oxidative stress [26,27]. The scoring of
TPC and TFC found in Table 1 revealed that the
Cr seeds are a good source of phenolic
compounds. Also, the sequential microwave
ultrasound technique used to acquire Cr-2 offers
lower TPC and TFC than the microwave-assisted
extraction method used to obtain Cr-1.
Brassicaceae's phenolic compounds have been
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found, in many studies, to be powerful antioxidants
that can alleviate many oxidative stress-mediated
diseases [28,29].

Several investigations have been carried out to
assess the possible advantages of crude ethanolic
extract derived from Cr seeds. These investiga-
tions' consistently positive outcomes highlight the
extract's value as a source of phenolic compo-
nents, with a focus on flavonoids. The methods
that are used in conducting the extraction have a
significant impact on the amount and purity of phe-
nolic compounds that are present [30-32]. For ex-
ample, the results of this study congruent with
those of Abdulmalek et al., who revealed that phe-
nolic and flavonoid chemicals may be found in
good amounts in the ethanolic extract of Cr seeds,
which was extracted using a Soxhlet apparatus. All
in all, the evidence suggests that crude ethanolic
extract from Cr seeds has a lot of potential as a
naturally occurring source of these important
chemicals [30].

3.2. Free radical-neutralizing capacity

Many medical conditions, including cancer and
cardiovascular diseases, can all be linked to oxi-
dative stress through a variety of pathways. Anti-
oxidants, on the other hand, have the ability to

counteract free radicals and diminish or eradicate
the damage they induce. Seeds are just one of
the numerous plant-derived items that possess
compounds rich in antioxidants. These substanc-
es may lessen the chance of acquiring chronic ill-
nesses and shield cells from the damaging ef-
fects of free radicals [25]. Table 1 displays the
results of evaluating the antioxidant activity of our
crude ethanolic extracts in comparison to vitamin
C, which serves as the standard antioxidant.
These results indicated that Cr-1 had a higher
antioxidant capacity than Cr-2. The authors could
attribute this finding to the high percentage of
phenolics and flavonoids present in Cr-1. The
final argument has been paralleled with the find-
ings that Malar et al. presented. This study in-
cluded Soxhlet-facilitated ethanol-extracting of
the powdered Cr parts, such as shoots, stems,
seeds, and leaves. Although the DPPH scaveng-
ing activity of the seeds was lower than that of
the shoots, it was good at 11.63+0.3%. Out of all
the extracts, the stem extract exhibited the least
amount of scavenging action. Generally, Malar et
al. linked the scavenging activity of the acquired
extracts to their total polyphenolic compounds,
including flavonoids. The latter are known to
scavenge free radicals like superoxide and hy-
droxyl radicals through single electron transfer [33].

Table 1. The results acquired from scoring the TPC, TFC, and free radical-neutralizing capacity

Extract code TPC TFC
(ng GAE/g crude solid)*SD (n=3) (ng RU/g crude solid)£SD (n=3)
Cr-1 4.8272+1.66 3.3169+2.24
Cr-2 2.1887+1.42 1.6026+1.16
I1Cs0 (Hg/mI)£SD (n=3)
Extract/reference code DPPH on TRP

Cr-1 161.87+0.67 182.72+0.91 158.04+0.96
Cr-2 219.35+1.08 223.10+0.99 203.57+1.02

Vitamin C 48.52+1.02 50.21+0.98 48.19+ 0.96

TPC and TFC are presented, respectively, as gallic acid equivalents and rutin equivalents.

3.3. Estimation of the anti-inflammatory
activity

Inflammation, a complicated process, is a reac-
tion to irritation, infection, or damage and is a part
of many different illnesses. Because side effects
are a possibility with conventional treatments,
scientists are looking for novel anti-inflammatory
medicines from naturally occurring sources. En-
zymes that promote inflammation, such as COX1,
COX2, and 5-LOX, are essential for the synthesis
of inflammatory eicosanoids. So, these enzymes
are utilized to assess the anti-inflammatory po-

tential of the extracts [34,35]. Accordingly, the
authors measured the inhibitory activity of Cr
seed extracts against these enzymes. The aim is
to evaluate our extracts' potential as anti-
inflammatory preparations. Table 2 shows en-
couraging outcomes, which indicate that Cr-1
showed noticeably more efficacy for enzymes'
inhibition and more selectivity for COX2 than Cr-
2. These results corroborate the hypothesis of
antioxidant-anti-inflammatory crosslinking since
they are consistent with the findings of the evalu-
ation of antioxidant capacity [36—38]. In a similar
study, Raval et al. examined the anti-inflammatory
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effect of Cr seed powder on fibroblasts and
connective tissue in an earlier in vivo
investigation. After giving Charles Foster albino
rats an aqueous suspension of the seed powder
(550 mg/kg), the researchers discovered two
facts. These are the Cr seed powders that had a
substantial inhibitory effect on fibroblast
proliferation. Additionally, it changed how connec-
tive tissue formed [39].

3.4. Inspecting cytotoxic activity and the mu-
tual application

Worldwide, cancer is a prevalent illness that
presents a serious risk to people's health.
Conventional chemotherapy treatments cause
harm to the kidneys, liver, and heart, in addition
to other adverse effects like pain. 5-FU is one of
the most effective medications used in
chemotherapy. Its harmful effects on healthy
tissues and potential to induce tumor resistance
limit its usefulness in therapeutic settings
[40,41].

Natural products are easily available, cost-
effective, and less harmful options for chemother-
apy compared to traditional treatments. In addi-

tion, they work through several different pathways
to prevent drug resistance from occurring [42].
Many studies have looked into the potential of us-
ing natural bioactive compounds, specifically pol-
yphenols like curcumin, to combat cancer without
harming healthy tissues. The idea of combining
polyphenols with traditional medications as a new
approach to fighting cancer has been explored.
This combination has often been found to have
synergistic advantages, enhancing the effective-
ness of drugs while minimizing negative side ef-
fects. By combining treatments, there is the po-
tential to boost drug efficacy, decrease dosages,
and consequently lessen adverse effects [43].
Based on the mix of active components, curcu-
min works by influencing various molecular sig-
naling pathways. When combined with cisplatin,
studies have demonstrated that curcumin triggers
significant ER stress in non-small cell lung cancer
cells, enhancing their responsiveness to cispla-
tin's effects [44]. Another polyphenol, like quer-
cetin, has been demonstrated to increase the
responsiveness of prostate cancer cells to
paclitaxel. Additionally, it has a complementary
impact when combined with cisplatin for oral
squamous cell carcinoma [45].

Table 2. The results acquired from investigating the anti-inflammatory effects of Cr-1, Cr-2, and reference drugs. Also, the
results abstracted from investigating the combined application of Cr seeds' extracts with 5-FU

Extract/reference Selectivity
code COXL cox2 highlighter (SH) >LOX
Cr-1 187.14+1.10 179.56+0.91 1.04 82.10+1.02
Cr-2 256.69+1.04 242.27+1.01 1.06 182.34+0.97
ASA 3.57 +£0.88 29.98 £0.98 0.12 23.89+1.02
CLB 7.42+£0.93 1.49 +0.94 4.98 18.28+1.02
Codes of the reference antiproliferative
Cellular
Bamliatan drug as well as the blends used
5-FU+Cr-1 5-FU+Cr-2 5-FU
MCF-7 12.56+0.88 12.52+1.02 12.43+0.95
HelLa 13.26+0.92 13.31+1.04 13.39+1.01
MCF-A10 63.18+0.91 45.67+0.90 42.33+0.97
The results are presented as the average of three individual trials, expressed as ICso (ug/ml)+SD. The SH is
computed by dividing the tested compound's ICsy against COX1 by the ICs, against COX2. The higher SH
score, the more selectivity against COX2.

The scores displayed in Table 2 showed
that, at the applied concentrations, Cr-1 and Cr-
2 had no antiproliferative effect on malignant or
healthy cellular populations. The ICso values of
the employed 5-FU were compared with those
reported in the literature [46-50] to validate the
methodology. Given that the variation between
the scores obtained and those found in the liter-
ature was negligible, this comparison shows the
soundness of the methodology employed. The

ICso values of 5-FU against MCF-7, Hela, and
MCF-A10 have been practically found to be
12.43+0.95 pg/ml, 13.39%£1.01 pg/ml, and
42.33+£0.97 ug/ml, in that order. Furthermore,
the results showed that co-administration of ex-
tract-5-FU did not enhance 5-FU's antiprolifera-
tive effect against the two malignant cellular
populations. On the other hand, the reciprocal
application can increase the ICso value of 5-FU
towards the healthy cellular line (MCF-A10).
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Finally, compared to the other extract, the Cr-1
extract increased the I1Cso value of 5-FU more
significantly. As a result, the extracts' combined
treatment with 5-FU can be thought of as having
a protective effect on healthy cells.

Although the present study highlighted
important aspects of potential anticancer effects
of Garden Cress seed ethanolic extracts,
missing data related to survival or disease-free
survival should be investigated in further
studies.

4. CONCLUSION

The ultimate goal of any scientific research is to
obtain accurate results, which are not necessary
to be positive. The results, either positive or
negative, can shed light on the direction of future
studies. The present study applied two extraction
techniques—microwave-facilitated and sequential
microwave-ultrasound-assisted extraction—to ac-
quire two extracts, named Cr-1 and Cr-2, respec-
tively. Their potential to function as antioxidant,
anti-inflammatory, cytotoxic, and cytoprotective
preparations was also evaluated. The study's
findings demonstrated that the sequential
technique is less efficient than the microwave-
facilitated method. This is because the latter
afforded the extract the highest TPC, TFC,
antioxidant, and anti-inflammatory activity. At the
concentrations used, both extracts were shown to
be ineffective against either malignant or healthy
cell lines. Also, the extracts had no influence on
5-FU's antiproliferative activity against the two
malignant cell lines. However, when combined
with 5-FU, the extracts in general and Cr-1 in
particular showed protective properties toward
MCF-A10.
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