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Abstract: The Moroccan flora abounds and is an important reserve of medicinal plants. Nigella sativa
and Lepidium sativum are plants that are widely used in traditional medicine for their multiple
therapeutic properties. The current study aims to highlight the biological activities that can justify
and valorize the use of these plants. Flavonoids, total phenols, condensed tannins, and sugars were
determined. The biological activities tested were antioxidant by determining the ICs, (defined as
the concentration of an antioxidant required to decrease the initial concentration by 50%; inversely
related to the antioxidant capacity), hemagglutination, and hemolytic activities. Phytochemical
quantification of the seed extracts indicated that the total phenol content was largely similar for both
plants and in the order of 10 mg GAE (Gallic acid equivalent)/g. On the other hand, L. sativum seeds
registered a higher content of flavonoids (3.09 & 0.04 mg QE (quercetin equivalent)/g) as compared to
Nigella saliva (0.258 £ 0.058). Concerning condensed tannins, N. saliva seeds present a higher amount
with a value of 7.2 & 0.025 mg/g as compared to L. sativum (1.4 £ 0.22 mg/g). Concerning the
total sugar content, L. sativum shows a higher content (67.86 £ 0.87 mg/g) as compared to N. sativa
(58.17 + 0.42 mg/g); it is also richer in mucilage with a content of 240 mg as compared to 8.2 mg for
N. saliva. Examination of the antioxidant activity using a DPPH (2.2-diphenyl 1-pycrilhydrazyl) test
revealed that the EButOH (n-butanol extract) and EAE (ethyl acetate extract) extracts were the most
active, with ICsg values of 48.7 and 50.65 pug/mL for the N. sativa extracts and 15.7 and 52.64 ng/mL
for the L. sativum extracts, respectively. The results of the hemagglutination activity of the different
extracts of the two plants prepared in the PBS (phosphate-buffered saline) medium showed significant
agglutination for the L. sativum extract (1/50) compared to the N. sativa extract (1/20). An evaluation
of the hemolytic effect of the crude extract of the studied seeds on erythrocytes isolated from rat
blood incubated in PBS buffer compared to the total hemolysis induced by distilled water showed a
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hemolysis rate of 54% for Nigella sativa and 34% for L. sativum. In conclusion, the two plants studied in
the current work exhibited high antioxidant potential, which could explain their beneficial properties.

Keywords: antioxidant activity; hemagglutination; hemolysis; Lepidium sativum; medicinal plants;
Nigella sativa; phytochemistry

1. Introduction

Aromatic and medicinal plants are of economic interest in the food, cosmetic, and
pharmaceutical industries [1,2]. Indeed, they are endowed not only with aromatic and
culinary qualities but also with various medicinal virtues thanks to the different active
principles that they contain: alkaloids, flavonoids, tannins, saponosides, and essential
oils [3-7]. They constitute an inexhaustible reservoir of the most effective folk remedies
and are the most widely used natural source of medicines today [8-10].

In Morocco, bioclimatic diversity is one of the reasons for the richness and variousness
of its flora, particularly in terms of medicinal and aromatic plants (MAP). Medicinal flora is
widely used by the Moroccan population [9-11]. Indeed, most rural populations suggested
that MAP occupy an important place in the treatment strategies of various ailments as
natural remedies [12].

Nigella sativa L. (Ranunculaceae) is an annual plant with an erect, ribbed, angular, and
twiggy stem that is 60 cm high. It is one of the medicinal plants that occupy a special place
in the world of traditional medicine because of its wide therapeutic uses by the populations
of Arab countries, Asia, and Europe against numerous pathologies, such as hypertension,
diabetes, fever, migraine, inflammation, and gastrointestinal problems [13,14]. In addition,
Lepidium sativum L. (Brassicaceae) is an annual plant that originated in Egypt and western
Asia but is now cultivated throughout the world. Its seeds are used fresh or dried to treat
sore throats, coughs, asthma, headaches, and stomach aches [15].

Oxidative stress is one of the most abundant problems in the biological and medical
world. It is a situation in which a cell can no longer resist the exhaustive production of
toxic free radicals, which leads to many dangerous diseases, such as cancer [16,17]. ROS are
always present in our bodies, as oxidation is part of the aerobic life of our metabolism, but
they all have limits, as overproduction of these species can be harmful to the body [18,19].

Traditional formulations have constituted the first line of healthcare of different civiliza-
tions since time immemorial. Researchers have focused on the phytochemical composition
of plants to explain their beneficial properties. Within this scope, we testify to the antiox-
idant, hemagglutination, and hemolytic activities of two medicinal plants (N. sativa and
L. sativum).

The approach taken in this study, which is devoted to the study of the seeds of
medicinal plants (Nigella sativa and Lepidium sativum), consists of the determination of the
chemical compounds of the seed extracts. Among these compounds, those with antioxidant
activity (phenolic compounds, flavonoids, condensed tannins, and fixed oils) are qualified
as a secondary metabolites extract.

2. Materials and Methods
2.1. Extract Preparation

Seeds of Nigella sativa and Lepidium sativum were ground using an electric grinder
to obtain a fine powder. The plants were collected in the Souk El Arbaa area of Morocco
5°58'54" W 34°39’57" N. An amount of 1 g of plant powder was mixed with 10 mL of
methanol/water (v/v) under agitation overnight at room temperature. The extract was
then centrifuged at 5000 rpm for 5 min. The supernatant was recovered to perform different
dosages. Fractionation was carried out using the liquid /liquid method with ethyl acetate
and methanol solvent.
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2.2. Chemical Reagents

Folin—Ciocalteu, ascorbic acid, gallic acid, AICl; (aluminum trichloride), quercetin,
DPPH (1,1-diphenyl-2-picryl-hydrazyl), NaCl, KCl, NAHPO,, Na,CO3, KH,POy, con-
canavalin, methanol, chloroform, and ethanol were used as solvents.

2.3. Determination of Total Phenols

A volume of 0.5 mL of the diluted extract was added to 3 mL of distilled water and
0.5 mL of 20% NapCOj3. The mixture was vortexed and 0.5 mL of Folin—Ciocalteu reagent
was added after 3 min. The tubes were placed in an incubator at 40 °C for 30 min. The
absorbance was subsequently read at 760 nm [20].

The results were expressed as mg of gallic acid per g of seed extract (mg GAE/g).

2.4. Determination of Condensed Tannins

The technique used is based on the ability of tannins to be transformed into antho-
cyanins by heating in an acid medium [21]. Two series of tubes were prepared. In each
series, 3 mL of the ethanolic extract was added to 3 mL of concentrated HCI. Series 1 tubes
were placed in a water bath at 100 °C for 30 min, followed by rapid cooling under a jet of
water. Series 2 tubes were kept at room temperature. In both series, 0.5 mL of concentrated
ethanol was added. The absorbance was read using a spectrophotometer at 550 nm, and
the condensed tannin content was determined using the following formula:

CTC = (OD1 — OD2) x 19.33 (g/L)

where CTC represents the condensed tannin content, OD1 represents the optical density of
the series 1 tubes, and OD2 represents the optical density of the series 2 tubes.

2.5. Determination of Flavonoids

The aluminum trichloride (AlCl3) method is used to quantify the flavonoids of the
seed extracts [22]. Briefly, 2 mL of AICI; solution at 20 g/L was added to 2 mL of sample
or standard (prepared in methanol). The mixture was incubated in the dark for 15 min.
The blank was made by replacing the extract with methanol; the absorbance was recorded
at 425 nm, and the results were expressed as mg of quercetin per g of seed extract (mg

QE/g) [23].

2.6. Determination of Total Sugars

The determination of the total sugars was carried out by the phenol-sulfuric method.
In a hot sulfuric solution, the carbohydrates are dehydrated to furfural derivatives, which
combine readily with phenol to give a yellow-brown complex (glucose provides hydroxy-
furfural).

The quantification of the total sugars was carried out by an external calibration range
prepared from a glucose stock solution and spreading from 5 pg/mL to 100 ug/mL.

2.7. Quantification of Mucilage

The seeds were macerated in distilled water (w/v) at ambient temperature. The
mixture was then brought to a boil. After cooling, the mixture was filtered to remove
insoluble macroscopic debris [24]. Acetone was added to the filtrate to precipitate the
mucilage. After centrifugation, the mucilage was separated from the supernatant and
oven-dried at 45 °C. They were then collected as a powder and weighed to calculate the
yield as follows:

Yield = (m/m’) x 100

where m represents the mass (in g) of the powder and m’ represents the mass (in g) of the
test portion of the plant drug.
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2.8. Extraction of Fixed Oils

The extraction of the fixed oils is realized according to the protocol described by
Ramadan et al. [25] with modifications. An amount of 20 g of seed powder was mixed
with 100 mL of chloroform. After 2 h, the mixture was then filtered. The chloroform was
eliminated by evaporation under reduced pressure at 40 °C using a Rota vapor (BUCHI).
This operation produces an extract characterized by a dark green color, which is considered
to be the chloroform extract of fixed oils.

The yield of the fixed oil extraction is expressed as a percentage of the weight of the
seeds and calculated according to the following formula:

Fixed oil (%) = (Weight of oil/weight of seeds) x 100

2.9. Biological Activities
2.9.1. Antioxidant Activity: DPPH Test

The protocol used is that described by Sharma and Bhat [26]. An amount of 2.5 mL of
different concentrations of the extracts is mixed with 2.5 mL of a DPPH solution (100 nM)
prepared in methanol. The reaction mixture is stirred immediately and then maintained
in the dark for 30 min at ambient temperature (25 °C). The absorbance was measured
at 517 nm against a blank containing only methanol. The control consisted of a reaction
mixture containing 2.5 mL DPPH and 2.5 mL methanol. The same test was carried out with a
reference antioxidant, which is ascorbic acid. The measurements of the absorbance of DPPH
of the different antioxidant substances (extracts and ascorbic acid) allow the determination
of the percentage of inhibition (PI) by applying the following formula [27,28]:

PI (%) = (1 — (Abs test/ Abs control)) x 100

ICs5 represents the concentration of the substance (extract or ascorbic acid) necessary
to decrease the free radicals in the reaction medium by 50% [29]. ICs( values are calculated
by linear regression in which the abscissa is represented by the concentration of the tested
compounds, and the ordinate is represented by the percentage of inhibition (P1%).

2.9.2. Phyto-Hemagglutination Activity

This work was carried out on red blood cells from rat blood. The test is based on the
observation of the agglutination or precipitation of erythrocytes in the presence of extracts
from our plants, which can confirm or deny the presence of lectins. The hemagglutination
activity is then demonstrated when there is the precipitation of erythrocytes.

Preparation of the Total Extract

This operation consists of extracting water-soluble substances from the seed powder
using a phosphate-buffered saline (PBS). An amount of 20 g of powder was macerated in
200 mL of PBS for 24 h. The mixture was left under agitation for 2 h. After centrifugation of
this suspension at 3000 rpm for 15 min, the supernatant was recovered and conserved at
4 °C. The supernatant obtained constitutes the total extract. This extract is kept and used
for hemagglutination and hemolysis tests.

Red Blood Cell Preparation

The rat blood was collected in a heparinized test tube to stop coagulation. It was
centrifuged at 5000 rpm for 3 min. The supernatant was eliminated, and then a physiological
solution (0.9% NaCl) was added to the erythrocyte pool. This lavage operation was repeated
four times under the same conditions. After the fourth wash, a 3% red cell solution was
prepared in 0.93% NaCl
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Hemagglutination Test

This test is based on the observation of the agglutination of red blood cells and the
consequent precipitation of erythrocytes [30]. In the present study, rat red blood cells were
used. It was performed in 96-well round-bottom plates. For this, in each well, 50 puL of 0.9%
NaCl, 25 pL of the test extract, and 25 pL of the red blood cells (3%) were deposited. The
plate was then covered and incubated in an oven at 37 °C for 30 min before reading the
results. Two controls were used; the extract was replaced by concanavalin (positive control)
or 0.9% NaCl (negative control).

The Hemagglutination Limit

The objective of this test is to determine the minimum concentration of the extract that
causes agglutination of erythrocytes. For this purpose, a range of dilutions of each extract
from 1/5 to 1/2000 times was performed. The hemagglutinating activity was determined
after 1 h of incubation at room temperature. The observation was performed with the
naked eye and by light microscope (G x 40).

2.9.3. Hemolytic Activity

Plants are also known for their toxic effects, which led us to study the hemolytic effect,
in vitro, of these two plants (Nigella sativa and Lepidium sativum). The test of the hemolytic
effect of the two plants was carried out on the crude extract (PBS) previously prepared and
also used for the test of the phyto-hemagglutination activity. The test for the hemolytic
effect of the studied plant is carried out according to the methods described by [31].

In hemolysis tubes, 2970 uL of the prepared erythrocyte suspension was mixed with
30 pL of the extract at different initial concentrations (10 mg/mL, 25 mg/mL, 50 mg/mL,
and 100 mg/mL). The individual tubes were incubated at 37 °C for one hour. Every
15 min for 60 min, 500 uL of each tube was taken and mixed with 1.5 mL of PBS. The
individual tubes were centrifuged at 3000 rpm for 10 min; the pellet was removed, and
the absorbance of each tube was read at 548 nm (the absorbance of hemoglobin) using a
UV-visible spectrophotometer against a blank containing PBS. A negative control tube was
prepared under the same experimental conditions. It consisted of 500 pL of erythrocyte
suspension and 1500 uL of PBS buffer, in the absence of extract.

Rate of Hemolysis

Under the same conditions, a total hemolysis tube was also prepared; this tube con-
tained 500 pL of the erythrocyte suspension and 2500 pL of distilled water. The rate of
hemolysis of the different extracts was calculated as a percentage (%) of the total hemolysis
after 60 min of incubation according to the formula [32]:

Hemolysis rate (%) = (Absorbance of extract in 1H — Absorbance of negative test at 1H/Total hemolysis after 1H).

2.10. Statistical Analysis

The results of the analyses performed in Excel are expressed as mean =+ standard error.
The Tukey post-hoc multiple comparison of means test was used to test for significant
differences between the means (at the 5% level). These statistical analyses were performed
with IBML.SPSS, Version 19. The results of each experiment were completed in triplicate.

3. Results
3.1. Results of Humidity, Sugar Content, and Mucilage

The obtained results for the humidity, sugar content, and mucilage are presented in
Table 1. The data revealed that the humidity rate for the seeds is lower than 10%, and
the proportions of both seed extracts are 8.40 = 0.03% and 9.54 £ 0.18% for N. sativa and
L. sativum, respectively. Interestingly, the water content plays an important role in the seeds’
conservation; values lower than 10% give seeds better long-term conservation.
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Table 1. Humidity, sugar content, and mucilage of both seed extracts.

Humidity % Sugar Content (mg/g) Mucilage (mg/g)
N. sativa seeds 8.40 + 0.03 58.17 £ 0.42 8.2
L. sativum seeds 9.54 £0.18 67.86 = 0.87 240

The results of the sugar contents of the Nigella sativa and Lepidium sativum seeds are
depicted in Table 1. The highest value was recorded in L. sativum with a tenor of about
67.86 £ 0.87 mg/g, while N. sativa contains the lowest amount of sugars with a value of
(58.17 £ 042 mg/¢g).

Concerning the mucilage quantification, the results showed that the extract of L. sativum
scored a high value of mucilage, while N. sativa contained the lowest amount of mucilage
with a value of 8.2 mg/g.

3.2. Phytochemical Quantification of N. sativa and L. sativum Seeds

The concentration of total polyphenols is determined using the Folin—Ciocalteu
method with gallic acid as the standard. The findings were expressed in mg gallic acid
equivalent per gram of dry matter (mg GAE/g). The results are summarized in Table 2.
The results of the polyphenol quantification showed that the crude methanolic extract of
Nigella sativa registered an amount of TPC of 10.48 + 1.33 mg EAG/g. Lepidium sativum
recorded a value of 10.35 + 0.73 mg EAG/g. In the same context, the flavonoid content
quantification showed that the lowest content registered in the N. sativa extract, while the
other vegetal matrix contained a high amount of TFC (3.09 £ 0.048 mg QE/g).

Table 2. Phytochemical content of both seed extracts.

TPC TFC CT
mg GAE/g mg QF/g mg/g
N. sativa seeds 10.48 +£1.33 0.258 4 0.058 7.2 +0.025
L. sativum seeds 10.35 + 0.73 3.09 £ 0.048 14+0.22

TPC: total polyphenols, TFC: flavonoid content, and CT: tannin content.

Concerning the condensed tannins, the amounts obtained ranged from 1.4 &= 0.22 to
7.2 £0.025 mg/g. N. sativa appeared to be the herb richest in condensed tannins, with
an amount of 7.2 &+ 0.025 mg/g. In contrast, L. sativum registered the lowest content of
condensed tannins with a value of 1.4 £ 0.22 mg/g.

3.3. Antioxidant Activity
3.3.1. For Extracts and Fractions

The antiradical activity profiles obtained are represented in Figures 1 and 2. The
extracts of N. sativa (Figure 1) have a dose-dependent antiradical activity. The crude extract
has an activity lower than that of the n-butanol fraction (EButOH), which represents the
most active fraction with an IC50 of the order of 48.7 ng/mL, followed by the ethyl acetate
(EAE) fraction with an ICs( of 50.65 pg/mL. The study of the antioxidant activity of extracts
from the seeds of L. sativum (Figure 2) also reveals the significant activity of the n-butanol
fraction and the ethyl acetate fraction with respective ICsy values of 15.7 and 52.64 ug/mL.
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Figure 1. Inhibition of DPPH (%) by the n-butanol (EBuOH), ethyl acetate (EAE), and crude methano-
lic extract (crude EMeOH) fractions of N. sativa seeds.
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Figure 2. Inhibition of DPPH (%) by n-Butanol (EBuOH), ethyl acetate (EAE), and crude methanol
extract (Crude EMeOH) fractions of L. sativum Seeds.

The antioxidant activity of the methanolic extracts of the two studied seeds and their

fractions was evaluated by the percentage of DPPH radical inhibition, and the obtained
results are depicted in Table 3.

Table 3. The IC50% of different extracts of N. sativa and L. sativum.

Nigella sativa Lepidium sativum
Crude Extract Fraction Crude Extract Fraction
EMetOH EButOH EAE EMetOH EButOH EAE
DPPH IG5 1331.53 48.7 50.65 380 15.7 52.64
(ng/mL)

EButOH: n-butanol fraction, EAE: ethyl acetate fraction, EMetOH: methanolic extract.

The methanolic extract (crude EMetOH) of Nigella sativa seeds converts the stable free
radical (2.2 diphenyl-1-picrylhydrazyl) into the yellow-colored diphenyl-picrylhydrazine
with an ICsj value in the order of 1331.53 ng/mL, showing an activity that is practically
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inferior to that of Lepidium sativum, which renders stability to DPPH with an ICsy of
380 pg/mL.

Concerning the different fractions carried out, we tried to compare different extracts
according to their capacities to scavenge DPPHe and thus appreciate the qualitative varia-
tions of the phenolic compounds, in order to establish a relationship between the contents
of the phenolic compounds and the antioxidant activity of the different fractions [33]. It
should be noted that these solvents are used for their selective power. According to [34],
ethyl acetate is used to extract mono-, di-, and tri-O-glycoside flavonoids; n-butanol is used
for the extraction of di-o-glycoside, tri-glycoside, and C-glycoside flavonoids; chloroform
is used for the extraction of the organic phase containing aglycone and methoxylated
aglycone flavonoids; and hexane is used for the de-icing of the extract.

The extraction was carried out with methanol 85%. The use of methanol with water at
a proportion of 15% can lead to the co-extraction of contaminants, such as wax, lipids, and
chlorophylls [19]. Therefore, fractionation of the obtained extracts was carried out using
solvents of increasing polarity.

Among the two fractions of Nigella sativa, the n-butanol fraction (EButOH) represents
the most active fraction with an ICsj of about 48.7 ug/mL, followed by EAE with an ICsq
of 50.65 pg/mL (see Table 3).

The study of the antioxidant activity of the extracts from Lepidium sativum (Table 3)
showed that the n-butanol fraction (EButOH) and the ethyl acetate fraction (EAE) represent
the two most active fractions among the three fractions tested in this study, with ICs values
of 15.7 and 52.64 png/mL, respectively.

3.3.2. For Vegetal Oils

The results obtained (Figure 3) show that the fixed oil extracted from the seeds studied
has an antioxidant activity that is greater for the oil of N. sativa, with an IC50 of 6374 pg/mL,
than for the oil extracted from L. sativum, with an IC50 of 9005.54 pg/mL. However, this
activity of the oils remains much lower than those recorded for the methanolic extracts and
the n-butanol and ethyl acetate fractions (Table 3).

—+ L. sativum

—— N.sativa

0+

T T T T T T
Q

\

5 0 0 & O
%\ B @. Cj . GDQ . QQ .
DN GOZEI I

Concentration (pg/mL)

Figure 3. Inhibition of DPPH (%) by fixed oils extracted from seeds of N. sativa and L. sativum.

Figure 1 displays the results obtained for the antioxidant activity of the vegetal oils
of the seeds of both studied plants. The obtained results revealed that the vegetal oil of
Nigella sativa exhibited higher antioxidant activity, with an ICsy of 6374 ng/mL, compared
to Lepidium sativum seeds, with registered an ICsy of 9005.54 nug/mL (Figure 4).
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Figure 4. The scavenging free radical activity of vegetal of seeds of N. sativa and L. sativum.

3.4. Hemagglutination Activity
3.4.1. Phyto-Hemagglutination Test

The hemagglutination activity of the studied extracts was presented in Figure 5. The
analysis of the obtained results showed a significant agglutination of red blood cells after
30 min of incubation. This agglutination is observed both with the naked eye and under the
microscope (Figure 5). This result shows that both extracts contain lectins, which interact
with red blood cells to form a homogeneous cluster in the form of a gelatinous phase.

Ag

/ Agglutination

glutination

Figure 5. Microscopic observation (G x 40) of agglutination of rat red blood cells by Nigella sativa
and Lepidium sativum extracts.

3.4.2. Hemagglutination Limit Test

The hemagglutination limit test is used to assess the minimum concentration that
induces hemagglutination activity. The hemagglutination activity is expressed as a titer,
which is the reciprocal of the highest dilution ratio at which hemagglutination is observed.

The minimum hemagglutination activity of the Nigella sativa extract is 1/20 (Figure 6a),
while, for the L. sativum, it is 1/50 (Figure 6b).

3.5. Evolution of the Hemolytic Effect of Seeds

The hemolysis test is an indicator of cytotoxicity based on the hemolysis of rat
red blood cells at different concentrations of the crude extracts of the Nigella sativa and
Lepidium sativum seeds. This parameter is widely used to evaluate the antioxidant ability
of extracts, which helps in phytotherapy and pharmacological preparations.

The obtained results show an increase in absorbance throughout the experience
time at 0, 15, 30, and 60 min in proportion to the concentrations of Nigella sativa and
Lepidium sativum extracts. This result reflects an increase in the rate of hemolysis with an
increasing extract concentration.
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Agglutinated wells non-agglutinated wells

(b)

Figure 6. (a) Hemagglutination limit of Nigella sativa: observation with the naked eye; (b) hemagglu-
tination limit of Lepidium sativum: observation with the naked eye.

At low concentrations of both the Nigella sativa and Lepidium sativum extracts (1 and
25 mg/mL), the absorbance rate does not exceed 0.1. At a dose of 100 mg/mL, we recorded
a remarkable hemolytic effect of the total extract of the Nigella sativa seeds. In addition,
a significant increase in absorbance was remarked from 0.098 at 0 min to 0.204 at 60 min

(Figure 7).
0.4 B 0 min
15 min
0.3 B 30 min
B8 60 min

Absorbance at 548 nm

PBS+Susp HT 1 25 50 100

Concentration in mg/mL

Figure 7. Time course of absorbance of tubes containing an erythrocyte suspension in the presence of
different concentrations of total Nigella sativa extract incubated at 37 °C compared to total hemolysis
(H T) and negative control (PBS + Susp.). The same letters (a, b, ¢, d, e, f) denote a significant
difference with respect to the absorbance.

Similarly, for Lepidium sativum, we noted that the absorbance also increases depending
on the concentration (Figure 8) but does not exceed a value of 0.14 for the final concentration
of 100 mg/mL at 60 min of incubation. This increase is not significant.
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Figure 8. Evolution of absorbance in tubes containing erythrocyte suspension as a function of
different concentrations of the total extract of Lepidium sativum. Letters (c) indicate a non-significant
difference. Different letters (a,b) indicate a significant difference.
3.6. Estimation of Hemolysis Rate
Figure 9 displays the results of the estimation of the hemolysis rate. The analysis of the
findings revealed very low rates of hemolysis of the order of 3.6%, 10%, and 41% in relation
to the total hemolysis noted for the concentrations of 1, 25, and 50 mg/mL, respectively.
This rate is moderately higher, by 53%, at a concentration of 100 mg/mL of the studied
extract compared to the positive control (total hemolysis).
Q
NN .
< - L.sativum
)
~N)
: N.sati
-+ sativa
2 501
=
=
£
v =
=
=
i
0 T T T T —%

HT 100 50 25 1  NC

Concentration in mg/mL

Figure 9. Evolution of hemolysis rate (%) of red blood cells in the presence of different concentrations
of Nigella sativa and Lepidium sativum seed extract after 60 min incubation compared to total hemolysis
(H T) and the negative control (T N).
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The hemolytic effect of the total extract of the Lepidium sativum seeds (Figure 9) showed
that these seeds present a very weak toxic effect on isolated erythrocytes, with a rate of
hemolysis that does not exceed 15% at a concentration of 50 mg/mL compared to the total
hemolysis. It is 30% for a concentration of 100 mg/mL.

4. Discussion

The quantification of the polyphenolic content of Nigella sativa shows lower amounts
than those found previously by [33]. For Lepidium sativum, the results obtained showed
higher amounts of phenolic compounds as compared to those obtained by (8.651 +
0.321 mgEAG/g) [35]. It should be noted that the phenolic content of plants is highly
linked to numerous intrinsic and extrinsic factors, such as geographical origin, climatic
conditions, cultivation practices, maturity at harvest, and storage conditions [36].

A considerable flavonoid amount is unregistered in the methanolic extract of
Nigella sativa. Our findings are in accordance with those evoked by [37]. Concerning
Lepidium sativum, the quantification of TPC revealed that our plant contained lower amounts
than those reported by (4.023 £ 0.081 mgEC/g) [38].

Nigella sativa seed extract contains a large number of bioactive compounds, such as
flavonoids, phenolics, alkaloids, saponins, glycoside, coumarins, fixed oils, proteins, vi-
tamins, and minerals [39]. The same ascertainment is found for L. sativum with a high
mucilage proportion; based on this feature, L. sativum mucilage was used as a natural poly-
mer that is facilely disintegrated, non-toxic, and biodegradable, providing rapid release of
an encapsulated drug [40]. Furthermore, it has been suggested that supplementation of
the N. sativa extract at a dose of 16% in a broiler diet improves different blood parameters
viz. humoral hormone response, serum profile markers, and significant changes in the
hemogram and leukogram profiles with non-side effects remarked [41]. In fact, medici-
nal plants as multipurpose products act on different biological systems to provide their
pharmacological properties [42-46]. The bioactive compounds provide an important force
to attenuate free radicals induced by numerous toxic agents, such as hydrogen peroxide
and gentamicin [42,47]. The fractionation technique is used broadly to recuperate targeted
components with a high added value as effective antioxidant compounds [48]. Our findings
revealed a good ability to scavenge free radical DPPH from crude extracts (Table 3). Previ-
ously, Jallol et al. proved that the fractions recorded a high amount of phenolic compounds
and the highest antioxidant ability [49], which is in line with our findings. The antioxidant
activity of a plant extract depends on the composition and structure of biocompounds, such
as phenolic acids and flavonoids, and their ability to neutralize reactive oxygen species
(ROS) and other free radicals, i.e., chelating and free radical scavenging activities.

Concerning the agglutination test, both of the plant extracts exhibited an important
agglutination effect, and our results are in concordance with those reported by [50,51].
Phytolectins are the components most known for their ability to attach erythrocytes, thereby
forming a network of erythrocytes that results in hemagglutination [51]. Phytolectins
are implicated in different biomedical research fields as antifungal, anti-inflammatory,
anticancer, and antibacterial agents [52]. In light of the results obtained from the hemolytic
tests carried out in vitro on the erythrocytes isolated from rat blood, the seeds of both
plants are low in toxicity. They can be very important sources in the therapeutic and
pharmacological fields to alleviate various diseases.

The interest of our study is obvious: firstly, in case of validation of the antioxidant
hemagglutinin and antihemolytic properties of the plants, the traditional knowledge and
modern technology of pharmacology and chemistry will be integrated in order to de-
velop effective and non-toxic phytomedicines to fight against several health problems that
aggravate poverty in North Africa.

5. Conclusions

This study shows that the seeds of the studied plants are more or less rich in metabo-
lites with significant therapeutic activity, which gives these plants interesting biological
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activities and thus can justify their traditional uses. The difference thus observed in the
biological activity of these two seeds of the studied plants may be due to the quality and/or
quantity of the extracts in bioactive secondary metabolites. The methanolic fractions exhib-
ited are an effective scavenger of free radicals and, therefore, a powerful inhibitor of DPPH
due to the high yield of phenolic compounds. The hemagglutination test with the total
extract of Nigella sativa shows a relatively higher agglutinating effect than the extract of
Lepidium sativum. The seeds of both plants are weakly toxic. They can be a very important
source in the therapeutic and pharmacological fields.
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