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Abstract: Erodium genus contains several medicinal traditionally used and pharmacologically explored. However, Erodium guttatum
has not been well valorized. Therefore, the aim of the present study was to evaluate the antibacterial and antioxidant activities of E.
guttatum extracts in addition to their toxicity. To achieve the objectives of this study, methanol and aqueous extracts of E. guttatum were
prepared. Then, antibacterial activity was evaluated against Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 43816, Salmonella
typhimurium ATCC 14028, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923, and Listeria monocytogenes
ATCC 13932 by disc diffusion and broth microdilution methods. The antioxidant activity was evaluated by DPPH scavenging assay,
scavenging of hydrogen peroxide assay, and xanthine oxidase inhibition assay. The mineral composition was determined by inductively
coupled plasma atomic emission spectroscopy (ICP-AES). Moreover, the polyphenol, flavonoids, and tannins contents were estimated
using colorimetric methods. However, the safety of plant extracts was validated by performing acute and subacute acute toxicity. The
results of this study showed that methanolic and aqueous extracts of E. guttatum contain important amounts of polyphenols (279.71
+0.31 and 142.03 + 0.81 mg GAE/g extract), flavonoids (118.58 + 0.14 and 68.25 + 0.42 mg ER/ g extract), and tannins (61.81 + 0.25
and 27.47 + 0.62 mg CE/g extract) as well as a wide range of mineral elements. Additionally, the biological evaluation showed that plant
extracts exhibit remarkable antioxidant, and antibacterial activities (MIC ranged between 6.25 and 100 mg/mL for aqueous extract and
between 3.12 and 100 mg/mL for methanolic extract). Moreover, our findings showed that E. guttatum aqueous extract did not show
toxicity. Therefore, E. guttatum could be a good source for the identification of antioxidant and antibacterial drugs. In addition, the
observed findings could open new horizons on the ethnobotanical usages of E. guttatum. However, further investigations are required
to identify and isolate bioactive compounds from this plant as well the investigations of their biological effects.
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1. Introduction the progress of pharmacology, the therapeutic use of
For centuries, our ancestors used plants to relieve pain, medicinal plants is present in some countries of the world,
heal ailments, and heal wounds. Thus, even now, despite especially in developing countries (Mrabti et al., 2019).
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In recent years, the use of treatment with plants as well
as the search for new substances with biological activities
constitutes one of the greatest scientific concerns, leading
to a thorough search for bioactive compounds, namely
plant antioxidants and their importance in medicine, the
food industry, and human nutrition (Oliveira et al., 2011).

However, the assessment of the curative properties of
plants remains a very useful task, especially for plants of
rare or unknown use in medicine and medicinal traditions.
These plants constitute a new source of active compounds.
Indeed, secondary metabolites are and remain the subject
of numerous in vivo and in vitro researches (Ribeiro Neto
et al., 2020). Some secondary metabolites are useful in our
diet, such as flavonoids, quinines, and terpenoids, have
commercial applications in pharmaceutical, biomedical,
and insecticide fields (Gurib-Fakim, 2006).

Africa is one of the richest continents in the world in
terms of biodiversity, with many plants used for medicinal
purposes (Farombi, 2003). In fact, North Africa includes
a wide range of climatic changes ranging from the
Mediterranean in the north to the desert or semi desert in
the south, which favors the growth of typical and diversified
plantflora. Currently, theinterest of contemporary scientific
studies on using herbs in the treatment of different diseases
increases via ethnobotanical surveys and biological tests
in animal models (Olaokun et al., 2014). Erodium LHerit
(Geraniaceae) contains 74 species distributed all over
the world except Antarctica. Most of these species (62
species) are distributed in the Mediterranean Basin region
(Alarcédn et al., 2003; Fiz et al., 2006; Fiz-Palacios et al,,
2010; Coskuncelebi et al., 2012). The species Erodium
guttatum (Desf.) Willd. is a perennial plant and it is
widely distributed in Northern Africa, Southern of Spain
and Palestine (http://www.plantsoftheworldonline.org/
taxon/urn:lsid:ipni.org:names:372280-1). The genus is
used in folk medicine to treat several diseases, namely
dermatological, gastrointestinal disorders, indigestion
and inflammatory diseases, diabetes, cancer, constipation,
eczema, hemorrhages as well as carminative agent,
astringent, and antiseptic (Fecka and Cisowski, 2002).
Similarly, their leaves have been used for the preparation
of salads, omelets, sandwiches, sauces and soups and
some food products. It’s also used in Iraq for treatment of
dysentery and abdominal pain, snake and scarpion bites
(Giines et al., 2017; Kawarty et al., 2020; Kawarty et al.,
2021), and, in Algeria, against gastro-intestinal disorders
(Cheriti et al., 2006). Indeed, few studies have focused
on the pharmacological properties and the chemical
composition of this species, describing its antibacterial
and antioxidant (Hamza et al., 2018). Indeed, in this study,
authors showed an important variability between different
regions of Tunisia in terms of chemical composition
(flavonoids, phenolic acids, and tannins), as well as
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antioxidant and antimicrobial effects. Moreover, a positive
correlation has been established between chemical contents
and biological activities (Hamza et al., 2018). In addition,
toxicological properties of water and methanol extracts of
E. guttatum and the influence on biochemical parameters
are missing. Concerning the phytochemical composition,
studies report the presence of a high content of flavonoids,
tannins, and other phenolic compounds. On the other
hand, the analyze of the chemical profiles by planar
chromatography of certain species of Erodium showed
the presence of geraniin, dehydrogeranine, corilagine,
and isoquercitrin (Munekata et al., 2019). Another study
has reported the chemical structure of some phenolic
compounds of E. cicutarium (L.) L. Hér. species, such as
gallic acid, protocatechuic acid, 3- O-galloylshikimic acid,
3-O- (6 ”-O-galloyl) - B-D-galactopyranoside, corilagin,
didehydrogeranine (dehydrogeranine), geraniin, hyperine,
isoquercitrin, methyl 3-O-B-D-glucopyranoside, and rutin
(Fecka and Cisowski, 2005). In another in-depth study, on
E. cicutarium, by the UHPLC method coupled with the MS
technique, has identified either 85 phenolic compounds,
mainly derivatives of gallic acid (24 compounds), several
derivatives of ellagic acid including ellagitannins (22
compounds), flavonol glycosides (19 compounds),
hydroxycinnamic acid derivatives (8 compounds),
other hydroxybenzoic acid derivatives (7 compounds),
flavonol aglycones (3 compounds), and procyanidins (2
compounds) were determined (Bili¢ et al., 2020).

However, to the best of our knowledge, the chemical
composition and the biological potentials of Erodium
guttatum remain poorly studied. Therefore, the aim of
this work was the evaluation of the antioxidant effect
and antibacterial activity of Erodium guttatum extracts
from Northeast Morocco (Oujda city), as well as the
investigation of their toxicity, a screening of the presence of
different secondary metabolites, the composition of their
mineral content, and the total phenolic, total flavonoids,
and total tannins content.

2. Materials and methods

2.1. Plant material

E. guttatum specimen were collected in May 2020 from the
province of Oujda, Northern Morocco, from the latitude
of 34°40°55.06”N and a longitude of 1°54°0.56” W, at 549m
of, 250 mm of average annual rainfall. The plant material
was identified and authenticated (Voucher Specimen:
RAB 110970) by Prof. Mohammed Sghir Taleb from the
Department of Botany and Plant Ecology of the Scientific
Institute of Rabat, University of Mohammed V Rabat,
Morocco. The material was transported to the laboratory,
the aerial parts were discarded and cleaned with water and
dried in the dark at room temperature for 15 days. The
plant material was then powdered and used in the next
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two days for phytochemical screening and preparation of
extracts.

2.2. Animals

Experiments were performed in healthy, adult Swiss mice
weighing from 25 to 30 g. Animals were obtained from the
animal center at the Faculty of Medicine and Pharmacy,
University Mohammed V in Rabat. Swiss mice were
housed under standard environmental conditions 23 + 2
°C under a 12-h light/dark cycle with access to water and a
standard laboratory diet (Mrabti et al. 2018).

2.3. Preparation of extracts

2.3.1. Preparation of aqueous extracts

The aqueous extract of E. guttatum was prepared as follow:
100 g of plant powder was boiled in 1L of distilled water
for 30 min and then freeze-dried. The lyophilized extract
was kept in a desiccator in the dark at room temperature
until use.

2.3.2. Preparation of methanol extract

The methanol extract was prepared by the maceration of
100 g of plant powder in 1 L of methanol 90% at room
temperature with agitation for 24 h. Then, the resulted
product was filtered and dried to remove solvent.

2.4. Phytochemical analysis

2.4.1. Phytochemical screening

The phytochemical screening of E. guttatum was conducted
following the standard methods (Dib et al., 2013) in order
to identify the following groups: alkaloids, flavonoids,
tannins, terpenoids, saponosides, free quinones, and
anthraquinones. Visual observation of color change or
formation of a precipitate after the addition of specific
reagents was used for interpretation and analysis of results.

2.4.2. Phenolic and flavonoid contents

The total phenolic and flavonoids contents in the studied
extracts were determined based on Folin-Ciocalteu
method and colorimetric method, respectively, according
to the protocols described previously (Mrabti et al., 2021).
The total phenolic content was expressed as mg gallic acid
equivalents per gram of dry weight of extract (mg GAE/g
extract). However, flavonoid content was determined as
the rutin equivalent from the calibration curve of rutin
standard solutions and expressed as rutin equivalents per
gram of dry weight of extract (mg RE/g extract).

2.4.3. Total tannin content

Condensed tannin contents were determined also using
a colorimetric method (Mrabti et al., 2021). Briefly, an
aliquot (50 uL) of each diluted extract was mixed with 1.5
mL of 4% vanillin, followed by the addition of 750 uL of
concentrated hydrochloric acid. The well mixed solution
was incubated at ambient temperature in the dark for 20
min after the solution is well mixed and left for 20 min
in the dark at room temperature. The absorbances were

measured at 500 nm. The standard curve was performed
by using catechin at a concentration of 50-500 ug/mL),
and the results were expressed as milligrams catechin
equivalents per gram of extract (mg CE/g extract).

2.5. Mineral content

The mineral content of E. guttatum was determined using
inductively coupled plasma atomic emission spectroscopy
(ICP-AES). The E. guttatum powder was evaluated
according to our previously published protocol (Zaazaa et
al,, 2021).

2.6. Evaluation of antioxidant activity

2.6.1. DPPH radical assay
The free radical-scavenging activities of solvent extracts
were evaluated using the radical using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) as reported previously (Huang et
al., 2011); antioxidants react with the stable free radical
DPPH (deep violet color) and convert it to 1,1-diphenyl-
2-picrylhydrazine with discoloration. The studied extracts
were mixed with a methanol solution of DPPH (0.02 mM)
and incubated in dark for 30 min at room temperature.
After incubation, the absorbances of mixtures were
measured at 517 nm, and the DPPH scavenging capacity
of extracts was calculated using the following formula:

DPPH scavenging effect (%) = [(Absblmk—AbsSample)/
Abs, 1x100

Ascorbic acid was used as positive control, and the
scavenging activity of extracts was expressed as IC, , which
refer to the concentrations of extracts required to obtain
50% of DPPH scavenging effect.

2.6.2. Scavenging of hydrogen peroxide assay

The ability to reduce H,O, was determined using a
previously described method (Rosen and Rauckman,
1984). A solution of H,O, (40 mmol/L) was prepared in
phosphate buffer (pH = 7.4). The H,O, concentration
was determined by absorption spectrophotometry
at 230 nm. For this, we added 1mL of the extract or
standard antioxidant (ascorbic acid) to the H,O, solution
(0.6mL, 40mM). The absorption of H,O, at 230nm was
determined after 10 min and compared with that of a
control solution containing a phosphate buffer without
H,0,. The percentage inhibition of hydrogen peroxide was
determined as follows:

% Scavenging [H,0,] = ((A0- A1) / A0)*100

where AQ was the absorbance of the control, and Al was
the absorbance in the presence of the sample or standard.

2.6.3. Xanthine oxidase inhibition assay

Thexanthine oxidase (XO) inhibitoryactivity with xanthine
as the substrate was determined spectrophotometrically
as described previously (Umamaheswari et al., 2007).
Briefly, a mixture consisted of 1.0 mL of extract samples,
1.9 mL phosphate buffer (pH = 7.5), 0.1 mL of enzyme
solution (0.2 units/mL) and 1.0 mL of 0.5mM xanthine

741



NACEIRI MRABTT et al. / Turk ] Bot

solution. This mixture was incubated 25°C for 15 min.
Then, the reaction was stopped by adding 1M HCI (1
mL). Afterward, the absorbance was measured at 295 nm
against blank solution (the same mixture was prepared
without enzyme solution). Thus, the Xanthine inhibitory
activity was calculated as follows:

1(%) = [((Ac-Acb)- (As-Asb)/(Ac-Acb)) x100]
2.7. Evaluation of antibacterial activity
The antibacterial activity of E. guttatum extracts was
evaluated against four gram-negative bacteria, including
E. coli ATCC 25922, Klebsiella pneumonia ATCC 4381,
Salmonella typhimurium ATCC 14028, and Pseudomonas
aeruginosa ATCC 27853, and two gram-positive bacteria,
including Listeria monocytogenes ATCC 13932 and
Staphylococcus aureus ATCC 25923. The antibacterial
activity was performed by disc diffusion method to
determine the inhibitory zones created by extracts and
broth dilution method to determine the minimum
inhibitory = concentration (MIC) and minimum
bactericide concentration (MBC) according to the
protocols described in previous studies (Ed-Dra et al.,
2018; Ed-Dra et al,, 2020; Ed-Dra et al., 2021; Mrabti et
al. 2021).

2.8. Toxicological investigation

2.8.1. Acute oral toxicity

The toxicological study is carried out according to the
guidelines 423(OECD, 2001). The acute oral toxicity of
E. guttatum extract was tested on female Swice mice. The
animals were divided into 3 groups containing 6 mice in
each and subjected to a fast for 18 h. Then, a dose of 2000
mg/kg and 5000 mg/kg were chosen to be administered
orally to the treated mice. The control group received
distilled water instead of extracts. Animals were
monitored to record immediate clinical symptoms and
then daily for 14 days (Prasanth et al,, 2015).

2.8.2. Sub-acute oral toxicity

The assay of subacute toxicity was performed according
to OECD, 1998, Test Guideline No. 407 (OECD, 2008).
A total of 18 mice were randomly divided into three
experimental groups of 6 mice each. After fasting
overnight, the treated group received daily by gastric

gavage at dose of 2000 mg/kg and 5000 mg/kg of the
aqueous extract of the plant tested at the time the control
groups were treated with the same volume of distilled
water (vehicle) for 28 days. Signs and symptoms of toxicity
were observed during the experimental period, and the
body weight was measured weekly.

2.8.3. Determination of biochemical parameters

On completion of the treatment, animals were sacrificed,
and blood samples were collected; biochemical
parameters such as creatinine, urea, uric acid, aspartate
aminotransferase (ASAT), and alanine aminotransferase
(ALAT) for all groups of animals were measured using an
auto-analyzer “Architect C8000” (Abbott Laboratories)
(Mrabti et al., 2018).

3. Statistical analysis

All experiments were conducted in triplicates, and results
were presented as means * standard deviations. However,
statistical difference of total bioactive contents in the
extracts were determined by the Student t-test (p < 0.05)
using Microsoft Excel. Also, the differences of biological
activity assays were tested by ANOVA (by Tukey’s test) in
Statistica version 13.0.

4. Results and discussion

4.1. Phytochemical analysis
The phytochemical tests carried out on the dry plant
of E. guttatum, allowed to detect the different families
of existing compounds by qualitative characterization
reactions. The results showed dominance of flavonoids,
followed by tannins, then anthraquinones. We also note
the absence of saponins, alkaloids, free quinones, and
terpenes. Additionally, the content of total polyphenols,
flavonoids, and tannins of the aqueous and methanolic
extracts of E. guttatum were determined, and the obtained
results were summarized in Table 1. The results showed
that polyphenolic compounds, flavonoids, and tannins
were highly abundant in the methanolic extract compared
to the aqueous extract (p < 0.05) (Table 1).

This difference could be related to the harsh climatic
conditions of the places where they grow like temperature,
the exposure to the sun, salinity, and drought, which

Table 1. Total phenolic, flavonoids contents, and tannins contents of different solvents.
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Phenolic content

Flavonoid content

Tannin content

E. guttatum (mg GAE/g extract) (mg ER/ g extract) (mg CE/g extract)
Aqueous extract 142.03 + 0.81* 68.25 +0.42* 27.47 +0.62*
Methanolic extract 279.71 £ 0.31° 118.58 +0.14" 61.81 £0.25"

Data are expressed as mean + SD (n = 3). Different letters in the same column represent significant differences

at p < 0.05 (by Student’s t test).
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stimulate the biosynthesis of secondary metabolites
such as polyphenols (Falleh et al., 2008). The methanolic
extract is richer in polyphenols than the aqueous extract,
which most probably refers to the relative solubility of
the polyphenols present in the plant in methanol and
water, respectively. In fact, the solubility of polyphenols is
influenced by the solvent, their degree of polymerization
as well as their interaction with other constituents and the
formation of insoluble complexes (Falleh et al., 2008). For
higher polyphenol recovery, methanol is the appropriate
solvent (Brglez Mojzer et al., 2016). However, despite the
several works interests in the polyphenols extraction, there
is no standard solvent that allows the extraction of a high
polyphenol content, and this may depend also on the plant
matrices (Thouri et al., 2017). According to Novak et al.
(2008), water and methanol are both polar solvents that
particularly extract glycosylated flavonoids and tannins,
while aglyconic flavonoids are extracted by alcohols or
water-alcohol mixtures (Marston and Hostettmann, 2006).
This largely explains the richness in flavonoids of the
methanolic extract of E. guttatum (118.58 + 0.14 mg ER/g
extract) compared to the aqueous extract (68.25 + 0.42
mg ER/g extract). On the other hand, the catechic tannin
content for the methanolic extract (61.81 + 0.25 mg CE/g
extract) is much higher than the aqueous extract (27.47 +
0.62 mg CE/g extract).

4.2. Mineral content

Mineral elements in plants are divided into macroelements,
heavy metals, and microelements, which are involved in
important biological functions of the cell. The results of
the mineral analysis showed that the macroelements (Ca,
Fe, Mg, P and Na) were concentrated in the aerial part of
E. guttatum with concentrations of 10.84 g/kg, 7.20 g/kg,
4.16g/kg, 0.47g/kg, and 0.26 g/kg, respectively (Table 2).
To our knowledge, these are the first reports of mineral
contents of the aerial part of E. guttatum. Due to their
high content of macroelements, appropriate amounts of
microelements and the absence or very low amount of
heavy metals can be a valuable addition to human diet and
therapy (Zaynab et al., 2021).

4.3. Antioxidant capacity

The antioxidant activity of the studied extract was
evaluated by using DPPH scavenging assay, and the results
were presented in Table 3. Our results showed that the
studied extracts present a considerable antioxidant activity,
especially methanol extract (IC,=39.11 + 3.28 pg/mL),
which was higher than that of aqueous extract (IC_ =52.13
+ 0.02 pug/mL). However, ascorbic acid presents a great
antioxidant activity with an IC_ of 4.25 + 0.31 pug/mL. The
methanolic extract is rich in polyphenols compared to the
aqueous extract, which increase its ability to trap DPPH
radicals. This shows that there is a correlation between
the polyphenol content and the antioxidant activity of E.

Table 2. The levels of mineral contents in the aerial part of E.
guttatum.

Mineral elements Content (mg/kg dw)
Macroelements:

Ca 10845.83
Fe 7205.56
Mg 4166.51
P 473.52
Na 261.64
Microelements:

Se 0.0001
B 30.90
Cu 5.56
Mn 253.60
Zn 20.40
\Y% 5.49

Co 2.64
Heavy metals:

Cd 0.10

Pb 3.97

Ni 5.15
Mo 0.25

Cr 3.11

As 2.26

guttatum extracts and could indicate that polyphenols are
responsible for this activity.

The xanthine oxidase is a cytosolic enzyme involved
in the conversion of hypoxanthine into xanthine and the
reduction of O, into superoxide O,". This superoxide anion
radical ("O,") canbeconverted tohydrogen peroxide (H,0,).
Superoxide O, hydrogen peroxide is two free radical
mainly involved in the oxidation of macromolecules and
therefore the genesis of some diseases including cancer
(Bouyahya et al., 2021). Furthermore, the inhibition of
xanthine oxidase is a promising strategy to eliminate
oxidative stress resulting from superoxide anion radical
O, and therefore to prevent oxidative stress and therefore
reducing risk factors of some complex pathologies. As
showed in Table 3, the inhibitory effect of xanthine
oxidase by E. guttatum extracts showed that methanolic
extract reveals an important inhibitory activity (IC, _86.72
+ 0.46 pg/mL) compared with Allopurinol (IC _51.14
+ 0.47 pg/mL), used as positive control. Moreover, the
H,0, production showed that methanolic extract reduced
remarkably the production of H,0, (IC, 6.95 + 0.32 pg/
mL) compared to ascorbic acid (IC,_5.983 + 0.45ug/mL).
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These results confirm that E. guttatum extracts act
as antioxidant agents at different levels by inhibition of
DPPH free radical, inhibition xanthine oxidase activity
and reducing the production of H,O,. The works evaluated
the antioxidant activities of our species are rare. Recently,
Hamza et al. (2018) showed that E. guttatum extracts have
an important antioxidant with similar values of inhibition
of our results with some variabilities, which certainly due
to the origin of species.

Some researchers examined the antioxidant properties
of some members of the genus Erodium. For example,
Bili¢ et al. (2020) tested the antioxidant properties of the
methanol and water extracts of Erodium cicutarium, and
the methanol extracts had stronger antioxidant properties
than the water extracts. In addition, the authors reported
that gallic acid was the main component of the tested
extracts and that the observed ability could be attributed
to presence of gallic acid. Ellagitannins were reported by
Graga et al. (2018) as the main component in Geranium
molle L. In another study conducted by Pineda-Ramirez et
al. (2020), two Geranium species (G. mexicanum H. B & K
and G. niveum S. Watson) were examined for antioxidant
properties, and their ethanol extracts showed strong
radical scavenging abilities. In addition, some authors
reported good antioxidant properties of the members
of the Geraniaceae family, as well as important phenolic
constituents (Cohen et al., 2020; Zeljkovi¢ et al., 2020).

4.4. Antibacterial activity

The antibacterial activity of aqueous and methanol
extracts of E. guttatum was conducted by disc diffusion
and broth dilution methods, and results were summarized
in Table 4 and Figure 1. The results of disc diffusion
method against E. coli, S. typhimurium, P. aeruginosa, K.
pneumonia, S. aureus, and L. monocytogenes showed that
methanol extract was more effective on the tested bacteria
with inhibition diameters of 14.6 £ 0.3 mm, 12.9 + 0.2 mm,
8.1 + 0.1 mm, 13.7 £ 0.2 mm, 15.3 + 0.3 mm, and 16.2
+ 0.3 mm, respectively; while aqueous extract presents
inhibition diameters of 12.4 + 0.2 mm, 11.3 + 0.3 mm, 8.1
+0.1 mm, 11.9 + 0.3 mm, 13.7 + 0.5 mm, and 14.1 + 0.4
mm, respectively (Figure 1). Additionally, broth dilution
method showed that MIC of methanol extract ranged
between 3.12 mg/mL for S. aureus and 100 mg/mL for P
aeruginosa, and those of aqueous extract ranged between
6.25 mg/mL for both S. aureus and L. monocytogenes
and 100 mg/mL for P. aeruginosa. Moreover, the results
of our study showed that methanol and aqueous extracts
had a bactericidal effect, with a ratio of MBC/MIC<2
(Table 4). The difference in the antibacterial activity of
the studied extracts might be correlated to the phenolic
contents. According to the phytochemical analysis,
methanol extract has the higher phenolic content, which
demonstrates its effectiveness against the tested bacteria
compared to aqueous extract. In fact, previous studies

Table 3. Antioxidant activities (IC, pg/mL) of E. guttatum.

Extracts DPPH assay H,0, Xanthine oxidase
Aqueous extract 52.10 + 0.02° nd nd

Methanolic extract 39.10 +£3.28 6.95 +0.32° 86.72 + 0.46
Ascorbic acid 4.25+0.31° 5.98 +0.45 -

Allopurinol - - 51.14 £ 0.47*

Data are expressed as mean + SD (n = 3). Different letters in the same column represent significant
differences at p < 0.05 (by Tukey’s test). nd: not determined

Table 4. Results for MIC and MBC for aqueous and methanol extracts of E. guttatum.

Aqueous extract (mg/mL) Methanol extract (mg/mL)
Bacteria Gram
MIC MBC MBC/MIC MIC MBC MBC/MIC
E. coli ATCC 25922 - 12.5 12.5 1 6.25 6.25 1
S. typhimurium ATCC 14028 - 25 25 1 12.5 12.5 1
P aeruginosa ATCC 27853 - 100 200 2 100 100 1
K. pneumonia ATCC 43816 - 12.5 25 2 6.25 12.5 2
S. aureus ATCC 25923 + 6.25 6.25 1 3.12 3.12 1
L. monocytogenes ATCC 13932 + 6.25 6.25 1 3.12 6.25 2
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Figure 1. Inhibition zones (the vertical bars represent standard deviation of the means) created
by aqueous and methanol extracts of E. guttatum against the studied bacteria. E. coli: Escherichia
coli ATCC 25922; K.p: Klebseila pneumonia ATCC 43816; P.a: Pseudomonas aeruginosa ATCC
27853; S.t: Salmonella typhimurium ATCC 14028; L.m: Listeria monocytogenes ATCC 13932;
S.a: Staphylococcus aureus ATCC 25923; C-: negative control (methanol); C+: positive control

(Gentamicin, 30 pg).

have been demonstrated the correlation between the
antibacterial activity of plant extracts and its phenolic
content (Rodriguez Vaquero et al., 2010; Tomas-Menor et
al., 2013; Elsharkawy et al., 2018).

Forourknowledge, thisisthefirstreportofantimicrobial
activity of Moroccan E. guttatum extracts. However,
only one study performed in Tunisia has described the
antimicrobial activity of water-methanol extract of E.
guttatum (Hamza et al.,, 2018). This study showed that the
studied extract had an inhibitory diameter of 8.2 + 1.7
mm against E. coli ATCC25922, 5.7 + 1 mm against E. coli
ATCC8739, 6.4 + 2.6 mm against S. aureus ATCC 25923,
3.9 + 1.2 mm against S. marcescens ATCC13880, 6.7 + 2.3
mm against K. aerogenes ATCC 13048, 8.1 + 2 mm against
E. faecalis ATCC29212, while it was ineffective against P
aeruginosa ATCC27853. Moreover, the results of our study
showed that the studied extracts were more effective against
gram-positive bacteria; this finding could be explained by
the difference in the composition of bacterial cell wall. In
fact, during the penetration through the bacterial cell wall,
antibacterial components of extracts create damage in the
cell wall by degrading the cytoplasmic membrane, altering
membrane proteins, leaking cellular contents, coagulating
cytoplasm, and exhausting the proton movement force
(Burt, 2004; Calo et al., 2015; Gonelimali et al. 2018).

4.5. Toxicological investigations

4.5.1. Acute toxicity

Oral administration of E. guttatum extract at doses of
2000 mg/kg and 5000 mg/kg for 14 days did not interfere
with the growth of the animals and showed no lethal
effect (Figure 2). It appears that the aqueous extract of E.

guttatum exhibits no lethal effect, as no mortality or change
in general condition was observed in mice subjected to oral
treatment in both the tested doses for 14 days according to
the OECD n° 420. LD, value of E. guttatum was found to
be greater than 5000 mg/kg.

4.5.2. Subacute toxicity

The body weight and physical appearance of the animals
are preliminary factors that could be used to identify the
toxic effects that occurred in mice treated with an extract
(Traeseletal., 2014). During the entire experimental dosing
period (28 days), no observed adverse effects or behavioral
changes appeared in the mice treated at doses of 2000 mg/
kg/day and 5000 mg/kg/day. All the treated animals gained
weight throughout the treatment period. Therefore, this
could confirm the safety of the extract tested on treated
mice since no change in weight was observed (Figure 3).

4.5.3. Biochemical parameters

Sub-acute administration of E. guttatum extract did not
cause any significant disturbance of the biochemical
parameters such as aspartate aminotransferase (AST),
alanine aminotransferase (ALT), wurea, creatinine,
cholesterol, triglycerides, and blood glucose, compared to
the control group (Table 5). In several organs, cell damage
is followed by the release of a number of cytoplasmic
enzymes into the blood, a phenomenon which forms the
basis for clinical diagnosis (Dolai et al., 2012). Damage to
the structural integrity of the liver is known to lead to an
increase in specific liver enzymes (ALT and AST) in serum,
because they are cytoplasmic enzymes and are released
after cellular damage (Metushi et al., 2016; Wang et al.,
2016). The results did not show a significant change in the
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Figure 2. Acute toxicity of E. guttatum aqueous extract. The vertical bars
represent standard deviation of the means.
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Figure 3. Subacute toxicity of E. guttatum aqueous extract. The vertical bars
represent standard deviation of the means.

Table 5. Effects of E. guttatum aqueous extract on biochemical blood parameters of blood of mice after
28-day period of oral administration.

Biochemical parameters Control fz (‘)g(:’ (:::::/ll’:; ) fs (‘)g: (:trzg/’l’:lg )
Liver analysis:

AST (U/L) 94.11 £ 0.13* 89.71 + 0.09° 99.31 +0.39¢
ALT (U/L) 40.25 + 1.39* 41.67 £2.72° 42.83 +1.92°
Renal Analysis:

Creatinine (mg/L) 391 +0.21° 3.50 + 1.00° 4.01 £0.112
Urea (g/L) 0.26 +0.13° 0.27 £0.08 0.29 +0.25°
Blood biochemistry:

Total protein (g/L) 67.23 £ 6.02° 64.15 + 4,322 62.85 + 1.53*
Glucose (g/L) 0.93 +£0.45* 0.94 +0.37¢ 0.98 £1.21*
Cholesterol (g/L) 1.02 £ 0.09* 1.03 £ 0.05* 1.17 £ 1.03*
Triglycerides (g/L) 0.59 £0.07* 0.56 +0.02* 0.58 £ 0.04*

Different letters in the same lines represent significant differences at p < 0.05 (by Tukey’s test).
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levels of AST and ALT transaminases after administration,
suggesting that the extract is not hepatotoxic. Renal
function has been assessed in this study by measuring
plasma creatinine and urea concentrations, which are
known to be important markers of renal dysfunction
(Mukinda and Eagles, 2010). Any rise in creatinine levels
is only observed if there is marked damage to functional
nephrons (Lameire et al., 2005). In contrast, the two doses
2000 mg / kg / day and 5000 mg / kg / day produced no
disturbance, strongly suggesting that renal function was
notimpaired after treatment with the extract of E. guttatum
in subacute administration for 28 days. Thus, total protein
was not affected in the experimental group. Therefore,
we conclude that treatment with E. guttatum extract had
no significant impact on protein metabolism. Nandy and
Datta say the liver is the site of cholesterol elimination
or degradation and its major site of synthesis. Thus, it
controls the synthesis of glucose and generates free glucose
from hepatic glycogen reserves (Nandy and Datta, 2012).
In this study, no changes were seen in glucose, cholesterol,
and triglycerides levels, it suggests that E. guttatum had no
effect on lipids and carbohydrate metabolism in mice.

References

Alarcén ML, Aldasoro JJ, Aedo C, Navarro C (2003). A new species of
Erodium LHér. (Geraniaceae) endemic to Australia. Botanical
Journal of the Linnean Society 141:243-250. doi:10.1046/
j.1095-8339.2003.00137.x

Bili¢ VL, Gasi¢ U, Milojkovi¢-Opsenica D, Nemet I, Roncevi¢ S et
al. (2020). First extensive polyphenolic profile of Erodium
cicutarium with novel insights to elemental composition and
antioxidant activity. Chemistry & Biodiversity 17(9).e2000280.
doi:10.1002/cbdv.202000280.

Bouyahya A, El Menyiy N, Oumeslakht L, El Allam A, Balahbib
A et al. (2021). Preclinical and Clinical Antioxidant Effects
of Natural Compounds against Oxidative Stress-Induced
Epigenetic Instability in Tumor Cells. Antioxidants10:1553.
doi: 10.3390/antiox10101553

Brglez Mojzer E, Knez Hrnci¢ M, Skerget M, Knez Z, Bren U
(2016). Polyphenols: extraction methods, antioxidative action,
bioavailability and anticarcinogenic effects. Molecules 21:901.
doi:10.3390/molecules21070901

Burt S (2004). Essential oils: their antibacterial properties and
potential applications in foods—a review. International
Journal Food Microbiology 94:223-253. doi:10.1016/].
ijffoodmicro.2004.03.022

Calo JR, Crandall PG, O’Bryan CA, Ricke SC (2015). Essential oils
as antimicrobials in food systems - A review. Food Control
54:111-119.d0i:10.1016/j.foodcont.2014.12.040

Cheriti A, Belboukhari N, Sekkoum K, Hacini S (2006). Plants of
the semi-arid region used for the treatment of gastrointestinal
disorders. Journal Algérien des Régions Arides 5:7-10.

5. Conclusion and perspectives

In this study, E. guttatum extracts showed antibacterial and
antioxidant activities as well as toxicological investigations.
Despite that, this species presented important results
that were not explored in traditional medicine systems.
Therefore, ethnobotanical investigations about E. guttatum
should continue to explore more of its potentialities in
traditional medicines in different populations. It was
noticed that extracts presented important charges of
phenolic and flavonoids contents. In vitro antioxidant
effects revealed that the methanolic extract exhibits
remarkable potential against DPPH radical, oxygen
superoxide, and H,O, production. Moreover, some
extract inhibited importantly the growth of gram negative
and gram-positive strains. Ina addition, toxicological
tests confirmed the safety of this species. The chemical
compounds of this species can be used as antibacterial
and anti-oxidative stress disease agents. However, further
investigations should be carried out to determine and
isolate bioactive chemical compounds responsible for
these effects and to evaluate their mechanism of action as
well as their toxicological validations.

Cohen S, Koltai H, Selvaraj G, Mazuz M, Segoli M et al (2020).
Assessment of the nutritional and medicinal potential of
tubers from hairy stork’s-bill (Erodium crassifolium LHér), a
wild plant species inhabiting arid Southeast Mediterranean
Regions. Plants 9:1069. doi: 10.3390/plants9091069

Coskungelebi K, Terzioglu S, Karakose M, Giizel ME (2012).
Contributions to the description and molecular properties of
Erodium hendrikii Alpinar (Geraniaceae), endemic to Turkey.
Turkish Journal of Botany 36:455-461. doi: 10.3906/bot-1202-46

Dib MEA, Allali H, Bendiabdellah A, Meliani N, Tabti B (2013).
Antimicrobial activity and phytochemical screening of Arbutus
unedo L. Journal of Saudi Chemical Society 17: 381-385.
doi:10.1016/j.jscs.2011.05.001

Dolai N, Karmakar I, Suresh Kumar RB, Kar B, Bala A et al. (2012).
Free radical scavenging activity of Castanopsis indica in
mediating hepatoprotective activity of carbon tetrachloride
intoxicated rats. Asian Pacific Journal of Tropical Biomedicine
2:242-251.

Ed-Dra A, Filai FR, Bou-Idra M, Zekkori B, Bouymajane A et al.
(2018). Application of Mentha suaveolens essential oil as an
antimicrobial agent in fresh turkey sausages. Journal of Applied
Biology & Biotechnology 6:7-12. doi:10.7324/JABB.2018.60102

Ed-Dra A, Filali FR, Lo Presti V, Zekkori B, Nalbone L et al.
(2020). Chemical composition, antioxidant capacity and
antibacterial action of five Moroccan essential oils against
Listeria monocytogenes and different serotypes of Salmonella
enterica. Microbial Pathogenesis 149:104510. doi:10.1016/j.
micpath.2020.104510

747



NACEIRI MRABTT et al. / Turk ] Bot

Ed-Dra A, Nalbone L, Filali FR, Trabelsi N, El Majdoub YO et al.
(2021). Comprehensive evaluation on the use of Thymus
vulgaris essential oil as natural additive against different
serotypes of Salmonella enterica. Sustainability 13:4594.
doi:10.3390/su13084594

ElsharkawyER, Ed-Dra A, Abdallah M, Ali AMH (2018). Antioxidant,
antimicrobial and antifeedant activity of phenolic compounds
accumulated in Hyoscyamus muticus L. African Journal of
Biotechnology 17:311-321. doi:10.5897/AJB2017.16316

Falleh H, Ksouri R, Chaieb K, Karray-Bouraoui N, Trabelsi N et al.
(2008). Phenolic composition of Cynara cardunculus L. organs,
and their biological activities. Comptes Rendus - Biologie
331:372-379. doi:10.1016/j.crvi.2008.02.008

Farombi O (2003). African indigenous plants with chemotherapeutic
potentials and biotechnological approach to the production of
bioactive prophylactic agents. African Journal of Biotechnology
2:662-671. doi:10.5897/ajb2003.000-1122

Fecka I, Cisowski W (2002). TLC determination of tannins and
flavonoids in extracts from some Erodium species using
chemically modified stationary phases. Journal of Planar
Chromatography 15:429-432. doi:10.1556/JPC.15.2002.6.7

Fecka I, Cisowski W (2005). Tannins and flavonoids from the
Erodium cicutarium Herb. Zeitschrift fiir Naturforschung B
60:555-560. doi:10.1515/znb-2005-0513

Fiz O, Vargas P, Alarcon ML, Aldasoro JJ (2006). Phylogenetic
relationships and evolution in Erodium (Geraniaceae) based
on trnL-trnF sequences. Systematic Botany 31:739-763

Fiz-Palacios O, Vargas P, Vila R, Papadopulos AST, Aldasoro JJ
(2010). The uneven phylogeny and biogeography of Erodium
(Geraniaceae): radiations in the Mediterranean and recent
recurrent intercontinental colonization. Annals of Botany
106:871-884. doi: 10.1093/aob/mcq184

Gonelimali FD, Lin J, Miao W, Xuan J, Charles F et al. (2018).
Antimicrobial properties and mechanism of action of
some plant extracts against food pathogens and spoilage
microorganisms. Frontiers Microbiology 9:1639. doi:10.3389/
fmicb.2018.01639

Graga,VC, Dias MI, Barro L, Calhelha RC, Santos PF et al. (2018).
Fractionation of the more active extracts of Geranium molle
L.: a relationship between their phenolic profile and biological
activity. Food & Function, 9:2032-2042. doi: 10.1039/
c7f001994g

Giines S, Savran A, Paksoy MY, Kosar M, Cakilcioglu U (2017).
Ethnopharmacological survey of medicinal plants in Karaisali
and its surrounding (Adana-Turkey). Journal Herbal of
Medicine 8: 68-75. d0i:10.1016/j.hermed.2017.04.002

Gurib-Fakim A (2006). Medicinal plants: Traditions of yesterday and
drugs of tomorrow. Molecular Aspects of Medicine 27: 1-93.
doi:10.1016/j.mam.2005.07.008

Hamza G, Emna BH, Yeddes W, Dhouafli Z, Moufida TS et al
(2018). Chemical composition, antimicrobial and antioxidant
activities data of three plants from Tunisia region: Erodium
glaucophyllum, Erodium hirtum and Erodium guttatum. Data
Brief 19: 2352-2355. doi:10.1016/].DIB.2018.07.005

748

http://www.plantsoftheworldonline.org/taxon/urn:1sid:ipni.
org:names:372280-1 [accessed 02 November 2021].

Huang B, Ke H, He ], Ban X, Zeng H et al (2011). Extracts of Halenia
elliptica exhibit antioxidant properties in vitro and in vivo.
Food and Chemical Toxicology 49:185-190.

Kawarty Amama, Behget L, Cakilcioglu U (2020). An ethnobotanical
survey of medicinal plants in Ballakayati (Erbil, North Iraq).
Turkish Journal of Botany 44:345-357. doi:10.3906/bot-1910-
39

Kawarty AMAMA, Behget L, Cakilcioglu U (2021). Ballakayatinin
(Erbil - Kuzey Irak) yabani gida bitkileri hakkinda geleneksel
bilgiler. AKU Journal of Science and Engineering 21: 520-531.
doi:10.35414/akufemubid.890018

Lameire N, Jager K, Van Biesen W, De Bacquer D, Vanholder R (2005).
Chronic kidney disease: A European perspective. Kidney
International 68: 30-38. doi:10.1111/j.1523-1755.2005.09907.x

Marston A, Hostettmann K (2006). Separation and quantification
of flavonoids. In: Andersen OM, Markham KR (editors),
Flavonoids Chemistry, Biochemistry and Applications CRC
Press LLC, pp. 1-36.

Metushi I, Uetrecht J, Phillips E (2016). Mechanism of isoniazid-
induced hepatotoxicity: Then and now. British Journal of
Clinical Pharmacology 81:1030-1036. doi:10.1111/bcp.12885

Mrabti HN, Bouyahya A, Ed-Dra A, Kachmar MR, Mrabti NN et
al. (2021). Polyphenolic profile and biological properties of
Arbutus unedo root extracts. European Journal of Integrative
Medicine 42:101266. doi:10.1016/j.eujim.2020.101266

Mrabti HN, Jaradat N, Kachmar, MR, Ed-Dra A, Ouahbi A et al.
(2019). Integrative herbal treatments of diabetes in Beni Mellal
region of Morocco. Journal of Integratvie Medicine 17:93-99.
doi:10.1016/j.joim.2019.01.001

Mrabti HN, Sayah K, Jaradat N, Kichou F, Ed-Dra A et al. (2018).
Antidiabetic and protective effects of the aqueous extract of
Arbutus unedo L. in streptozotocin-nicotinamide-induced
diabetic mice. Journal of Complementary and Integrative
Medicine 15. 0170165. doi:10.1515/jcim-2017-0165

Mukinda JT, Eagles PFK. (2010). Acute and sub-chronic oral toxicity
profiles of the aqueous extract of Polygala fruticosa in female
mice and rats. Journal of Ethnopharmacology 128:236-240.
doi:10.1016/j.jep.2010.01.022

Munekata PES, Alcédntara C, Collado MC, Garcia-Perez JV, Saraiva
JA et al. (2019). Ethnopharmacology, phytochemistry and
biological activity of Erodium species: A review. Food Research
International 126: 108659. doi:10.1016/j.foodres.2019.108659

Nandy S, Datta R (2012). Acute and sub-acute toxicity studies of
methanolic leaves extract of Pterospermum acerifolium (L.)
Willd in rodents. International Journal of Pharmaceutical
Science and Research 3:1519-1529.

Novak I, Janeiro P, Seruga M, Oliveira-Brett AM (2008). Ultrasound
extracted flavonoids from four varieties of Portuguese red grape
skins determined by reverse-phase high-performance liquid
chromatography with electrochemical detection. Analytica
Chimica Acta 630:107-115. doi:10.1016/j.aca.2008.10.002



NACEIRI MRABTT et al. / Turk ] Bot

OECD (2001). Acute oral Toxicity - fixed dose procedure (chptr), in
guidelines for the testing of chemicals, 420:1-14.

OECD (2008). Test No. 407: repeated dose 28-day oral toxicity study
in rodents, in OECD guidelines for the testing of chemicals,
4:1-8.

Olaokun OO, McGaw LJ, Awouafack MD, Eloff JN, Naidoo V (2014).
The potential role of GLUT4 transporters and insulin receptors
in the hypoglycaemic activity of Ficus lutea acetone leaf extract.
BMC Complementary and Alternative Medicine 14:1-12.
doi:10.1186/1472-6882-14-269

Oliveira I, Baptista P, Bento A, Pereira JA (2011). Arbutus unedo L.
and its benefits on human health. Journal of Food Nutrition
and Research 50:73-85.

Pineda-Ramirez N, Calzada F, Alquisiras-Burgos I, Medina-Campos
ON, Pedraza-Chaverri J et al.(2020). Antioxidant properties
and protective effects of some species of the annonaceae,
lamiaceae, and geraniaceae families against neuronal damage
induced by excitotoxicity and cerebral ischemia. Antioxidants,
9:253. doi: 10.3390/antiox9030253

Prasanth KM, Suba V, Ramireddy B, Srinivasa BP (2015). Acute and
subchronic oral toxicity assessment of the ethanolic extract of
the root of Oncoba spinosa (Flacourtiaceae) in rodents. Tropical
Journal of Pharmacy Research 14:1849-1855. doi:10.4314/tjpr.
v14i10.16

Ribeiro Neto JA, Pimenta Tardco BR, Batista dos Santos H, Thomé
RG, Wolfram E et al. (2020). Using the plants of Brazilian
Cerrado for wound healing: From traditional use to scientific
approach. Journal of Ethnopharmacology 260: 112547.
doi:10.1016/j.jep.2020.112547

Rodriguez Vaquero M]J, Tomassini Serravalle LR, Manca de Nadra
MC, Strasser de Saad A M (2010). Antioxidant capacity and
antibacterial activity of phenolic compounds from argentinean
herbs infusions. Food Control 21:779-785. doi:10.1016/j.
foodcont.2009.10.017

Rosen GM, Rauckman EJ (1984). Spin Trapping of Superoxide
and Hydroxyl Radicals. Methods Enzymology 105:198-209.
doi:10.1016/S0076-6879(84)05026-6.

Thouri A, Chahdoura H, El Arem A, Omri Hichri A, Ben Hassin
R et al. (2017). Effect of solvents extraction on phytochemical
components and biological activities of Tunisian date seeds
(var. Korkobbi and Arechti). BMC Complementary and
Alternative Medicine 17:1-10. doi:10.1186/s12906-017-1751-y

Tomds-Menor L, Morales-Soto A, Barrajon-Cataldn E, Rolddn-Segura
C, Segura-Carretero A et al. (2013). Correlation between the
antibacterial activity and the composition of extracts derived
from various Spanish Cistus species. Food and Chemical
Toxicology 55: 313-322. d0i:10.1016/.fct.2013.01.006

Traesel GK, de Souza JC, de Barros AL, Souza MA, Schmitz WO et al.
(2014). Acute and subacute (28 days) oral toxicity assessment
of the oil extracted from Acrocomia aculeata pulp in rats.
Food and Chemical Toxicology 74: 320-325. doi:10.1016/j.
fct.2014.10.026

Umamaheswari M, AsokKumar K, Somasundaram A,
Sivashanmugam T, Subhadradevi V et al. (2007). Xanthine
oxidase inhibitory activity of some Indian medical plants.
Journal of Ethnopharmacology 109:547-551. doi:10.1016/j.
jep.2006.08.020

Wang P, Pradhan K, Zhong Xbo, Ma X (2016). Isoniazid metabolism
and hepatotoxicity. Acta Pharmaceutica Sinica B 6:384-392.
doi:10.1016/j.apsb.2016.07.014

Zaazaa L, Naceiri Mrabti H, Ed-Dra A, Bendahbia K, Hami H et al.
(2021). Determination of mineral composition and phenolic
content and investigation of antioxidant, antidiabetic, and
antibacterial activities of Crocus sativus L. aqueous stigmas
extracts. Advances in Pharmacological and Pharmaceutical
Sciences 2021. doi:10.1155/2021/7533938

Zaynab M, Al-Yahyai R, Ameen A, Sharif Y, Ali L et al. (2021).
Health and environmental effects of Heavy metals. Journal
of King Saud University-Science, 34:101653. doi: 10.1016/j.
jksus.2021.101653

Zeljkovi¢ SC, Siljak-Yakovlev S, Tan K, Maksimovi¢ M (2020).
Chemical composition and antioxidant activity of Geranium
macrorrhizum in relation to ploidy level and environmental
conditions. Plant Systematics and Evolution, 306:1-12. doi:
10.1007/500606-020-01649-9

749



