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ARTICLE INFO ABSTRACT

Article history: Many species of the genus Ferula, including Ferula communis are used medicinally to treat
Received 11 October 2023 various diseases. Consumption of Ferula communis has been reported to have toxic effect. The
Revised 08 February 2024 study aims to evaluate the polyphenolic content, antioxidant, antimicrobial, and toxicological
Accepted 12 February 2024 activities of the methanol and aqueous extracts of the edible fruit (MEFE and AEFE) and the fruit
Published online 01 March 2024 at the advanced stage of flowering (AEFAF and MEFAF) of Ferula communis. The polyphenolic

(total phenolic and flavonoid) contents were evaluated using standard procedures. The antioxidant
activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging, Ferric Reducing
Antioxidant Power (FRAP), and Total Antioxidant Capacity (TAC) assays. The antimicrobial
activity was evaluated against selected bacteria and fungal organisms using the disk diffusion
method. Acute and sub-acute toxicity of the hydroethanol extract of the edible fruit (HEFE) was
evaluated in mice according to standard procedures. The results indicate that the AEFE has higher
phenolic and flavonoid content than the MEFE. Whereas, the MEFAF showed a very high amount
of phenols and flavonoids compared to AEFAF. AEFAF displayed a higher antioxidant activity
in the DPPH and FRAP assays, whereas MEFE showed higher antioxidant activity in the ABTS
assay. AEEF and MEEF showed remarkable antibacterial action. Acute and sub-acute oral
administration of HEFE did not cause any toxic effect in mice. On the basis of these findings,
Ferula communis fruit could serve as a potential antioxidant against oxidative stress, and a
potential antibacterial agent against pathogenic bacterial infection.
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Introduction Resistance to antibiotics by pathogenic microorganisms is a public
L L . . health burden.® Despite the advances in modern medicine, medicinal

Oxidative stress has been implicated in many human illnesses plants are still being widely used for therapeutic purposes due to their

such as neurodegenerative diseases, cancers, cardiovascular diseases, effectiveness and safety. The interesting pharmacological and

, ! e diseases, :

diabetes, and inflammation.” Oxidative stress occurs as a result of free therapeutic properties of medicinal plants have continued to attract the
radical attgck on varlous_blomolecules, partlcqlarlyllplds, proztelns,.and attention of researchers.>® Therefore, interest in natural (non-toxic)
DNA, ultimately resulting in cell degradation and death.® Various antioxidants and antimicrobials, especially those of plant origin, has
synthetic antioxidants like butylated hydroxytoluene and butylated increased dramatically in recent years.® Antibacterial agents such as
hydroxy anisole may be unsuitable for chronic use, as recent reports antibiotics and other anti-infectives have been available for decades.
have stated ghelr probable toxic effect on human health and the Today, multidrug-resistant (MDR) human pathogens are recognized as
environment. one of the world's most important health challenges.’® Application of
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novel natural antibacterials, for example plants derived natural products
are now under increasing threat due to the emergence of MDR bacteria,
hence the need for more active treatments that act by new mechanisms
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M, Nouioura G, El Atki Y, El Fadili M, Taleb M, Abdellaoui A. Evaluation The Ferula genus, which is part of the Apiaceae family, consists of
of Polyphenolic Content, Antioxidant and Antimicrobial Activities, and about 170 species.*? These species are widely distributed and cultivated
Toxicity Study of Ferula communis L. FruitsTrop J Nat Prod Res. 2024; across several regions in the world, from northern Africa to central Asia,
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. in Morocco by six species,** which have more or less extensive
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polymorphic and occupies a wide territory except for the desert and very
arid regions.'* Many species of this genus are used medicinally to treat
various diseases. Among the Ferula species that have been used as
natural remedies are F. assa-foetida (used as a diuretic, anticonvulsant,
antispasmodic, carminative, aphrodisiac, antihelmintic, etc.), F.
badrakema and F. gummosa (both used as anticonvulsant, tonic,
antihysteric, decongestant, treatment of neurological disorders, and
stomachache), and F. persica (used as antihysteric, carminative,
laxative, treatment of lumbago, diabetes, backache and rheumatism) are
the most famous.'>*7 It has long been known that consumption of F.
communis can cause an often fatal disease known as ferulosis in cattle
and cases of human intoxication through ingestion of F. communis have
also been reported.’® F. communis intoxication causes symptoms in
cattle similar to those described for intoxication by fermented melilot,
and it has been reported that the extract of this plant contains
antithrombotic coumarin compounds. 2

The toxic and non-toxic varieties of F. communis vary not only in the
content of sesquiterpene esters or prenylated coumarins, but also in
other classes of compounds, including phenylpropanoids and volatile
terpenoids.?* To the best of our knowledge, there is paucity of data on
the antioxidant, antimicrobial, and toxicological activities of the
Moroccan F. communis fruit. Therefore, the aim of the present study is
to evaluate the antioxidant, and antimicrobial activities, as well as the
acute and sub-acute toxicity of the fruit extracts of F. communis.

Materials and Methods

Collection and identification of plant material

F. communis fruits were harvested in the month of February, 2022 from
Taounate, North of Morocco (34°08°64” N, 4°59°15” W). The plant
material was identified by a taxonomist in the Department of Biology,
Faculty of Science, Sidi Mohamed Ben Abdellah University, Fez,
Morocco. A herbarium specimen with voucher number 2299/4-16-
1/taw was deposited.

The edible fruits (EF) and the fruits at the advanced stage of flowering
(FAF) were sorted, dried, and reduced to fine powder. The powdered
fruits were stored in air-tight containers at room temperature (25.00 +
2.00°C) away from light until when needed.

Extraction of plant material

The powdered samples (18 g each) of EF and FAF of F. communis were
macerated separately with 150 mL of methanol, distilled water, and
hydroethanol for 24 h. The resulting extracts were filtered, and
concentrated at 40°C using a rotary evaporator. The concentrated
extracts were stored in sterilized Eppendorf tubes and refrigerated at
4°C.

The percentage yields of the extracts were determined using the
following formula:

Y (%) = (M1/Mo) x 100
Where; Mo is the mass (g) of the powdered plant material, and Mz is the
mass of the dry extract ().

Determination of Total Phenolic Content (TPC)

The TPC of the methanol and aqueous extracts of F. communis fruits
were determined by the Folin-Ciocalteu method.? Briefly, 2.5 mL of
10% Folin-Ciocalteu solution was added to 0.5 mL of extract and 2 mL
of 7% sodium carbonate solution. The reaction mixture was left to stand
for 2 h at room temperature in the dark. The absorbance of the reaction
mixture was then measured at 760 nm using a spectrophotometer. A
calibration curve was constructed using gallic acid. The TPC was
expressed as milligrams of gallic acid equivalents per grams of dry-
weight of extract (mg GAE/g Dw).

Determination of Total Flavonoid Content (TFC)

The TFC of the methanol and aqueous extracts of F. communis fruits
were determined using aluminum chloride colorimetric method.?
Briefly, 500 pL of sample or reference standard (quercetin) was added
to 500 pL of 20% aluminum chloride. After 1 h of reaction at room
temperature in the dark, the absorbance was measured at 420 nm. The

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

total flavonoids content was in expressed as milligrams of quercetin
equivalents per grams of dry-weight of extract (mg QE/g Dw).%

Determination of Antioxidant Activity

2,2-diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay

The DPPH radical scavenging activity of the methanol and aqueous
extracts of F. communis fruits was evaluated using the method
previously described by Wu et al. (2003).2* Briefly, 1.5 mL of 0.1 mmol
DPPH solution in methanol was added to 0.1 mL of the sample or
standard solution at different concentrations. The mixture was
incubated at room temperature in the dark for 30 min. Thereafter, the
absorbance of the mixture was measured at 517 nm. butylated
hydroxytoluene (BHT) was used as the positive control. The percentage
inhibition of DPPH radical was calculated using the following formula:

1 (%) = (1-(As/Ao))*x100
Where; Ao is the absorbance of the negative control, and As is the
absorbance of the test sample or standard.

2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Radical
Scavenging Assay

The ABTS radical scavenging activity was evaluated according to the
procedure described by Re et al. (1999).2° The ABTS* cationic radical
was obtained by mixing 100 pL of 70 mM potassium persulfate
(K2S208) and 10 mL of 2 mM ABTS diammonium salt. The resulting
mixture was incubated at room temperature in the dark for 24 h. The
ABTS™* cationic radical solution (2850 pL) was then mixed with 150
pL of the extract or Trolox (positive control). The absorbance of the
resulting mixture was read at 734 nm following a 30-min incubation in
the dark. The antiradical activity of the samples was expressed as
percentage inhibition of the ABTS* radical according to the following
formula:

Percentage ABTS radical inhibition (%) = [As—Ac] / Ac x 100

Where; As is the absorbance of the extracts and Ac is the absorbance of
the control.

ICs0 value was calculated as the concentrations resulting in 50%
inhibition of the initial ABTS* radical.?®

Ferric Reducing Antioxidant Power (FRAP) Assay

The ferric reducing antioxidant power of the methanol and aqueous
extracts of F. communis fruits was evaluated using the method
previously described by Oyaizu (1986).” To 200 L of the extract
solution was added 500 pL of 0.2 M phosphate buffer (pH 6.6),
followed by 500 pL of 1% potassium ferricyanide (KsFe(CN)s). After
incubating the mixture at 50°C for 20 min, 500 uL of 10% Tri-
chloroacetic acid (TCA) was added, then centrifuged at 3000 rpm for
10 min. To 2.5 mL of the supernatant was added 100 pL of 0.1% FeCls
and 500 pL of distilled water. The absorbance of the resulting mixture
was measured at 700 nm. Quercetin was used as the reference standard.

Total Antioxidant Capacity Assay

The determination of the total antioxidant capacity was based on the
reduction of Mo(V1) to Mo(V) and the subsequent formation of a green
phosphate Mo(V) complex in an acidic pH.?® Briefly, 25 pL of the
extract solution at different concentration was added to 1 mL of reagent
solution (0.6 mol/L sulfuric acid, 4 mmol/L ammonium molybdate, and
28 mmol/L sodium phosphate). The mixture was incubated at 95°C at
room temperature for 90 min. Then the absorbance was measured at 695
nm. Total antioxidant capacity was expressed as milligram vitamin C
equivalence per gram of extract dry weight (mg vit C E/g Dw).

Determination of Antimicrobial Activity

Microbiological Strains

The antimicrobial activity of F. communis fruit extracts was assessed
against four microbial strains; Candida albicans ATCC10231,
Staphylococcus aureus ATCC6633; Escherichia coli K12, and Bacillus
subtilis DSM 6333. All the microbial strains were provided by the
Laboratory of Biotechnology, Environment, Agri-food, and Health,
Faculty of Sciences Dhar El Mahraz, Sidi Mohammed Ben Abdellah
University, Fez, Morocco.
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Evaluation of Antimicrobial Activity

The antimicrobial activity of methanol and aqueous extracts of F.
communis fruits was assessed via the disk diffusion method.?® Petri
dishes containing Mueller—Hinton agar was used for the bacterial
strains, while malt extract was used for the fungal strains. Inoculation
was done by the double-layer technique from the freshly grown cultures
in Mueller—Hinton broth or Malt extract. Serial dilutions were made in
antiseptic physiological saline (NaCl 0.9%), and calibrated to a turbidity
of 0.5 McFarland (10° - 108 CFU/mL) of which 100 pL was added to
tubes containing 5 mL of agar culture media (0.5% of agar-agar). Then
the inoculated tubes were spread in Petri dishes containing Mueller—
Hinton or Malt extract medium. Sterile Whatman discs (6 mm diameter)
were placed in the centre of the petri dish, and then impregnated with
20 pL of aqueous, and methanol extracts F. communis fruits at a
concentration of 30 mg/mL in 10% DMSO. The inoculated petri dishes
were incubated at 37°C for 24-48 h. Thereafter, the inhibition zone
diameters were measured. -1

Determination of Minimum Inhibitory Concentration (MIC)

The MIC of the methanol and aqueous extracts of F. commuins fruits
against four microbial strains was determined using the microdilution
method.* Briefly, sterile 96-well microplates were labelled, and 100 pL
of F. communis extracts in 10% DMSO (v/v) were pipetted into the first
row of the microplates. Then, 50 pL of sterile Mueller—Hinton or Malt
extract was injected into each of the other wells. Using a multichannel
pipette, serial dilutions were prepared, and then 30 pL of microbial
solution of each strain was added to each well. The microplates were
incubated at 37°C for 48 h (C. albicans) or 24 h (pathogenic
bacteria).®*%> The MIC was determined by the colorimetric method,
using Resazurin.

Toxicity Studies

Acute and sub-acute toxicity were performed on forty (40) Swiss albino
mice, male and female. The animals were provided by the Faculty of
Science Dhar EI Mehraz. The mice were aged between 4 and 6 weeks
and weighed between 20 and 34 g. They were kept in cages under
normal laboratory conditions.

Acute Toxicity Study

Acute toxicity was performed based on the protocol as stated by Costa-
Silva et al. (2008),% following guideline No. 423. The mice were
divided into four groups of 5 animals each, and were acclimatized for
three days before beginning the experiment. The mice were fasted for
18 h prior to the administration of the various extracts. Group 1 (control)
received distilled water, while groups 2, 3, and 4 received oral doses of
the extract at 200, 300, and 400 mg/kg, respectively. Signs of toxicity
(such as vomiting, diarrhoea, drowsiness, etc.), changes in general
behaviour (aggressiveness and mobility), and body weights of mice in
each group were monitored for 14 days.

Sub-acute Toxicity Study

Sub-acute toxicity was evaluated according to the method described by
OECD (2008).%* For this purpose, three groups of five mice each were
used and treated as follows: group 1 (control) received distilled water
orally, and groups 2, 3 and 4 received the extracts at 200, 300, and 400
mg/kg dose, respectively. The mice were treated daily for 28 days
during which time signs of toxicity (such as vomiting, diarrhoea,
drowsiness, etc.), changes in general behaviour (aggressiveness and
mobility), and body weights were monitored daily. On the 29" day,
blood samples were collected in dry tubes and used for biochemical
analyses. The following hepatic and renal function parameters were
analysed; Aspartate aminotransferase (AST), Alanine aminotransferase
(ALT), Alkaline phosphatase (ALP), urea, and creatinine. All the mice
were anesthetized, and vital organs (liver, kidneys, and spleen) were
harvested, weighed, and the kidneys and liver were used for
histopathological examination.

Histopathological Examination

The harvested kidneys, livers, and spleens were preserved in 10%
formalin solution until histological evaluation. Histopathological
examination was done using the normal anatomic pathology procedures
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of fixation, dehydration, paraffin embedding, microtome sections, and
hematoxylin-eosin-safran staining. A microscope was used for optical
observation.

Statistical Analysis

Data were presented as means + SD of triplicate experiments. The
homogeneity of variances and normality were verified before deciding
on the type of statistical analysis (parametric or non-parametric) to be
used. Differences between means were analysed by one- and two-way
analysis of variance (ANOVA) and Tukey's multiple range tests using
the GraphPad Prism 8.0.2 software. P < 0.05 was regarded as
significant.

Results and Discussion

Yields of F. Communis Extracts

The yields of the aqueous, methanol as well as the hydroethanol extracts
of the fruits of F. communis are shown in Table 1. It was observed that
the aqueous extracts had higher vyields than the methanol and
hydroethanol extracts. The highest yield (29.65 + 0.05%) was obtained
for the aqueous extract of the fruit at the advanced stage of flowering,
followed by the aqueous extract of the edible fruit (Yield = 18.58 +
0.10%). For the methanol extract, the fruit at the advanced stage of
flowering had a higher yield (12.25 + 0.05%) than the edible fruit (Yield
=10.50 + 0.10%), while the hydroethanol extract of the edible fruit had
the lowest yield (7.20 + 0.10%). To the best of our knowledge, there are
no studies on the yield of these fruits, the only study was that conducted
on the roots where the yield of the ethanol extract of the root of F.
communis was found to be 14.00%.%

Total Phenolic and Flavonoid Contents

The concentrations of bioactive compounds (phenolics, flavonoids,
tannins, alkaloids, and  saponins) has been shown to vary among
various extracts depending on the extraction yields.® From the results
obtained for the total phenolic content (Figure 1), it was observed that
the total phenolic content of the aqueous extract of the edible fruit (0.49
+ 0.002 mg GAE/mg) was higher than that of the methanol extract.
Whereas, for the fruit at the advanced stage of flowering, a very high
total phenolic content was observed for the methanol extract (11.24 +
11.77 mg GAE/g) compared to the aqueous extract with total phenolic
content of 0.41 £ 0.03 mg GAE/g. The total flavonoid contents of the
fruit extracts of F. communis are presented in Figure 2. It was observed
that the flavonoid content of the methanol extract of FAF was higher
than that of the aqueous extract (0.13 mg QE/g and 0.09 mg QE/g,
respectively), whereas, for the EF, the aqueous extract had a higher total
flavonoid content than the methanol extract (0.12 mg QE/g and 0.043
mg QE/g, respectively). When compared to the results of the study by
Rahali et al. (2019),%” who investigated the contents of polyphenols and
flavonoids in the extracts of the flowers, fruits, and stem of F.
communis, it was shown that the methanol extract of the fruits of F.
communis had the highest content of polyphenol and flavonoids (422
mg GAE/g DW, and 425 mg QE/g DW, respectively) compared to the
other parts of the plant. It has been reported that total phenol and
flavonoid contents in a plant varies according to the plant part used.®
Phenolics are strong antioxidant due to their reducing properties, they
inhibit the oxidation of organic matter by transferring hydrogen ion
from their hydroxyl group to free radicals that cause oxidation.®

Table 1: Yields of F. communis fruit extracts

Fruit sample  Yield (%)

ME AE HE
EF 1050 +0.10* 1858 +0.10°  7.20+0.10°
FAF 1225+0.05* 29.65+0.05° N.D

Value are Means + SD, (n = 3). Values with different superscript letters
in the same column are significantly different (p < 0.05). N.D: Not
determined.

EF = Edible fruit, FAF = Fruit at the advanced stage of flowering, ME
= Methanol extract, AE = Aqueous extract, HE = Hydroethanol extract
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Figure 1: Total phenolic content of extracts of F. communis.
Bars represent mean + SD, (n = 3). Bars with different lower
case letters are significantly different (P < 0.05).

AEEF = Aqueous extract of edible fruits, MEEF = Methanol extract of
edible fruits, AEFAF = Aqueous extract of fruits at the advanced stage
of flowering, MEFAF = Methanol extract of fruits at the advanced stage
of flowering
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Figure 2: Total flavonoid content of extracts of F. communis.
Bars represent mean + SD, (n = 3). Bars with different lower
case letters are significantly different (P < 0.05).

AEEF = Aqueous extract of edible fruits, MEFE = Methanol extract of
edible fruits, AEFAF = Aqueous extract of fruits at the advanced stage
of flowering, MEFAF = Methanol extract of fruits at the advanced stage
of flowering

Table 2: DPPH free radical scavenging activity of F. communis
fruits

Sample 1Cso value (mg/mL)

ME AE
EF 0.076 +£0.039* 0.26 + 0.006*
FAF 0.075 + 0.055% 0.85+0.93°
BHT 0.12 +0.0001° 0.12 +0.0001°

Values are mean * SD, (n = 3). Values with different lower case letters
in the same column are significantly different (P < 0.05).
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EF = Edible fruits, FAF = Fruits at the advanced stage of flowering, ME
= Methanol extract, AE = Aqueous extract, BHT = Butylated
hydroxytoluene

Polyphenolic content varies quantitatively from one plant to the other,
this can be attributed to several factors, including climatic and
environmental factors such as geographical location, drought, soil,
attacks and diseases, the genetic heritage, the harvest period and the
stage of plant development.*°

Antioxidant Activity of F. communis Fruit Extracts

Assessment of oxidative stress (OS, in vivo oxidation) has become
crucial as a result of their involvement in several disease conditions
including rheumatoid arthritis, atherosclerosis, diabetes, aging and
cancer.**® Natural antioxidants present in plant extracts and essential
oils can provide protection against OS by two main mechanisms,
namely; scavenging reactive oxygen species (ROS) and inhibiting lipid
peroxidation.*4°

DPPH Radical Scavenging Activity

The DPPH radical scavenging assay is a rapid, reliable, and
reproducible method for evaluating antioxidant and free radical
scavenging activity.“® The antioxidant activity of the various extracts of
F. communis fruits assessed by DPPH free radical scavenging assay is
presented in Table 2. The results expressed as ICso values showed that
the inhibitory power of the methanol extracts of FAF and EF with ICso
of 0.075 £ 0.055 and 0.076 + 0.039 mg/mL, respectively is greater
compared to the aqueous extracts and BHT with ICso values of 0.85 +
0.93, 0.26 + 0.006, and 0.12 + 0.0001 mg/mL, for FAF, EF, and BHT,
respectively.

ABTS Radical Scavenging Activity

ABTS is another synthetic radical which has the advantage of the
working solution being soluble in aqueous and organic solvents over a
large range of pH values, and the reaction time is shorter than the DPPH
assay.*” As shown in Table 3, the methanol extract of FAF (ICso = 0.009
+0.00 mg/mL) had the highest scavenging effect against ABTS radical,
followed by the aqueous extract of EF (ICso = 0.022 + 0.001 mg/mL)
and the aqueous extract of FAF (ICso = 0.25 + 0.048 mg/mL). Rahali et
al. (2019) investigated the antioxidant activity of the methanol extracts
from the flowers, fruits, and the stem of F. communis by the ABTS
radical scavenging method, their results showed that the fruits of F.
communis have the highest antioxidant activity with ICsp value of 28.10
+0.52 pg/mL.¥7

Ferric Reducing Antioxidant Power (FRAP)

The ferric reducing antioxidant power of the various extracts of F.
communis fruits were expressed as ICso values (Table 4). The results
showed that the aqueous extract of FAF (ICso = 137.82 + 1.41 mg/mL)
demonstrated greater ferric reducing antioxidant power than the
methanol and aqueous extracts of EF and the methanol extract of FAF
with ICso values of 202.71 £ 1.47, 208.04 + 5.69, and 702.85 + 0.85
mg/mL, respectively). However, the FRAP activity for all the extracts
was lower compared to that of the reference standard - quercetin (1Cso
=0.033 mg/mL).

Total Antioxidant Capacity (TAC)

The results of the total antioxidant capacity of the different extracts of
F. communis fruits (Table 5) showed that the methanol extract of EF
had a significantly higher total antioxidant activity (2.7 £ 0.114 mg Vit
C Eq/g) compared to the other extracts, while the aqueous extract of EF
exhibited the lowest total antioxidant capacity (TAC = 0.143 + 0.004
mg Vit C Eqg/g extract) among all the extracts.

The antioxidant activity of plant extracts may be exhibited by different
mechanisms, such as the prevention of lipid peroxidation,
decomposition of peroxides, prevention of continuous hydrogen
abstraction, free radical scavenging, reducing capacity, and chelation of
transition metal ions.*®

Based on the results obtained from the present study, it could be stated
that the plant F. communis is rich in bioactive compounds, which
confers it with a great antioxidant potential. This assertion is supported
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by the findings of several other studies where it has been shown that the
strong antioxidant activity of plant extracts and essential oils is
attributed to their phenolic content,*® with those having higher
polyphenolic and flavonoid content possessing greater antioxidant
activity.>® A study by Kang et al. (2003) suggested that the presence of
polar molecules in plant extracts contribute to their antiradical
activity.%

Antimicrobial Activity

The antimicrobial activity (MIC and MBC) of F. communis fruits
against the four microbial strains are summarized in Table 6 and Figure
3. Both the methanol and aqueous extracts of F. communis fruits
exhibited low antibacterial activity compared to the control
(Ampicillin). The methanol extract showed the highest inhibitory
activity against B. subtilis with an inhibition zone diameter of 10.80 +
0.20 mm, MIC of 25.00 + 0.00 mg/mL and MBC of 12.50 pL/mL,
followed by activity against E. coli with an inhibition zone diameter of
7.20 +0.20 mm, MIC of 25.00 + 0.00 mg/mL and MBC of 25.00 + 0.00
pL/mL, then S. aureus with an inhibition zone diameter of 6.07 + 3.52
mm, MIC of 62.50 + 0.00 mg/mL and MBC of 62.50 + 0.00 pL/mL.
However, F. communis methanol extract did not show any activity
against C. albicans.

Table 3: ABTS free radical scavenging activity of F. communis
fruits

Sample 1Csp value (mg/mL)

ME AE
EF 0.25 +0.048? 0.022 +0.001°
FAF 0.009 +0.00° 0.040 £0.016°
Trolox 0.01 +0.002° 0.01 £ 0.002°

Values are mean * SD, (n = 3). Values with different lower case letters
in the same column are significantly different (P < 0.05).

EF = Edible fruits, FAF = Fruits at the advanced stage of flowering, ME
= Methanol extract, AE = Aqueous extract

Table 4: Ferric reduction antioxidant power (FRAP) of F.
communis fruits

Sample 1Cso value (mg/mL)

ME AE
EF 202.71 £ 1.472 208.04 + 5.692
FAF 702.85 + 0.85° 137.82 +1.413°
Quercetin 0.033 = 0.0004¢ 0.033 £ 0.0004°

Values are mean + SD, (n = 3). Values with different lower case letters
in the same column are significantly different (P < 0.05).

EF = Edible fruits, FAF = Fruits at the advanced stage of flowering, ME
= Methanol extract, AE = Aqueous extract

Table 5: Total antioxidant capacity (TAC) of F. communis fruits
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of 8.00 £ 0.40 mm, MIC of 50.00 + 0.00 mg/mL and MBC of 50.00 +
0.00 pL/mL. However, F. communis fruit aqueous extract did not show
any activity against S. aureus, and C. albicans.

The differences in the inhibition zone diameters vis-a-vis the
antibacterial activity of the two extracts could be due mainly to the
chemical composition of the different solvent (methanol and water)
extracts of F. communis fruits. Previous report has indicated a positive
correlation between antimicrobial activity and high phenolic content,5?
and presence of phenolic hydroxyl group contribute to an increase in
antimicrobial effect.*® Phenolic substances exert their antibacterial
action by altering cell membrane structure, lowering lipid content and
ultimately impede microbial development.3® On the basis of the findings
from the present study, the Moroccan F. communis fruits could be said
to have moderate antibacterial activity. These findings corroborated the
work of Maggi et al. (2009) on F. communis fruit oils who reported a
very strong antibacterial activity against S. aureus, E. coli and B.
subtilis.>*

Acute Toxicity

The effect of a single oral administration of the hydroethanol extract of
the edible fruits of F. communis (HEFE) on the overall behaviour, body
weight, and organ weight of mice was investigated.

Effects of HEFE on the general behaviour of mice

A single oral administration of HEFE at doses of 200, 300, and 400
mg/kg to mice showed no sign of toxicity. Furthermore, the
administration of HEFE did not cause any death in the treated mice at
the doses tested. One can therefore infer that the median lethal dose
(LDso) of HEFE is higher than 400 mg/kg (Table 7).

Effects of acute administration of HEFE on the body weight of mice
The body weight of mice in the control group 1, and those in group 2
which were administered 200 mg/kg of HEFE remained stable, whereas
the mice administered the 300 mg/kg dose of HEFE (Group 3) gradually
gained weight over four days following the extract administration. In
contrast, the mice in group 4 which were administered 400 mg/kg dose
of HEFE demonstrated a decrease in body weight (Figure 4).

Sub-acute toxicity

The sub-acute toxicity of the HEFE was carried out by monitoring the
effect of the extract on the general behaviour, the body weight and the
organ weight of mice following a 28 days oral administration.

Effect of HEFE on the general behaviour of mice

The general behavioural effect of the daily oral administration of HEFE
at doses of 200, 300, and 400 mg/kg for 28 days in mice is shown in
Table 7. Observation over 28 days period shows no sign of toxicity
(vomiting, drowsiness, aggression, diarrhoea, and mobility) for the
group that received 200 mg/kg of the extract and the control group.
Whereas there was a decrease in the mobility of the mice administered
the 300 mg/kg and 400 mg/kg doses of the extract from the 27th day of
administration.

Table 6: Antimicrobial activity of F. communis extracts against

Fruit sample TAC (mg Vit C Eg/g Extract) microbial strain tested
ME AE
EF 2.70 £0.142 0.143 £ 0.004° : . . Inhibition zone diameter (mm)
FAF 0.406 + 00572 0.492 + 0.023° Microblal strain MEFE AEFE Ampicillin
T e E. coli K12 7.20+£020° 8.00+0.40%  20.00+0.00°

Values are mean * SD, (n = 3). Values with different lower case letters S. aureus ATCC6633 6.07 +3.522 0.00+0.00°  16.00+0.00°¢
in the same column are significantly different (P < 0.05). ' R AN DR
EF = Edible fruits, FAF = Fruits at the advanced stage of flowering, ME B. subtilis DSM6333 10.80+0.208  9.00+0.20°  18.00 +0.00°
= Methanol extract, AE = Aqueots extract C.albicans ATCC10231  0.00+0.00°  0.00+0.00%  0.00+0.00°

Values are mean £ SD, (n = 3). Values with different lower case letters
in the same column are significantly different (P < 0.05).

AEFE = Aqueous extract of edible fruits, MEFE = Methanol extract of
edible fruits

On the other hand, the aqueous extract also showed the highest
inhibitory activity against B. subtilis with an inhibition zone diameter
of 9.00 £ 0.20 mm, MIC of 12.50 + 0.00 mg/mL and MBC of 6.25
pL/mL, followed by activity against E. coli with an inhibition diameter
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Figure 3: Antimicrobial activity (MIC and MBC) of methanol and aqueous extract of F. communis. Bars represent
mean * SD, (n=3). Bars with the same lower-case letter (for MIC) or the same upper case letter (for MBC) are not
significantly different (P > 0.05).
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Figure 4: Effect of HEFE on body weight of mice after a single oral administration. Bars represent mean + SD, (n = 3). Bars with the
same lower case letter are not significantly different compared with the control (P > 0.05).

Effect of the HEFE on the body weight of mice

All the mice administered HEFE at the different doses (200, 300, and
400 mg/kg) experienced relative weight loss. However, the weight of
the control mice remained stable with a slight increase after 15 days
(Figure 5).

Effects of HEFE on organ weight

The effect of a 28-day administration of HEFE on the weight of some
vital organs (liver, spleen, and kidneys) is presented in Table 8. It is
clear from the results that the administration of HEFE at doses of 200,
300, and 400 mg/kg did not significantly affect the relative weights of
the vital organs.

Histopathological effect of HEFE
The examination of the kidney and liver histology sections after 28-day
administration of HEFE at doses of 200, 300, and 400 mg/kg showed

that the extract at all the doses tested did not result in any abnormality
in the tissue architecture of the kidneys and liver (Figure 6).

Effect of HEFE on some biochemical parameters

The effect of HEFE on hepatic and renal functions was assessed by
analysing liver function enzymes (AST, ALT, and ALP), and renal
function parameters (urea and creatinine). There were no significant
alterations in the serum levels of these parameters after a 28-day oral
administration of the extract at doses of 200, 300, and 400 mg/kg. This
observation suggests that HEFE has no hepatotoxic and renotoxic
effects at the doses tested (Table 9).

Theuse of plants in traditional medicine needs to be substantiated
by scientific evidence regarding the efficacy, quality standards, and
safety of these plants so that traditional medicines are used in
accordance with established quality and safety standards.®® Toxic
substances of natural or synthetic origin can affect and damage vital
organs in the body, especially the liver, which is susceptible to chemical
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attacks due to its involvement in the biotransformation of chemicals.>
Currently, it is known that the biological effects of F. communis on
human health depend on the chemotype used: the poisonous chemotype,
containing mainly prenyl coumarins such as ferulenol, causes
intoxications, ferulosis and death,% while the non-poisonous
chemotype, which contains daucane esters whose main component is
ferutinin, is traditionally used for its hormonal effects and has been
classified as a phytoestrogen. 5%

From the analysis of the results, it appears that F. communis do not have
toxic effects at the doses tested (200, 300, and 400 mg/kg), either on the
general behaviour of the mice, on their weight or on their organs. The
study carried out by Derbane et al. (2008) on the ethanol extract of the
roots of F. communis shows that the extract caused toxic effect
manifested as modifications of the behaviour of the animals during the
24 hours following the oral administration of a dose of 10 mg/kg. Toxic
effect on the digestive tract manifested as an increase in stool secretion

=== Control

45+

40
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aa a a a
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354 a a a aa

301
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104

=== 200 mg/kg
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and abdominal swelling was also observed within 48 hours after the
administration of F. communis extract. In addition, the study of Derbane
et al. (2008) also observed that at a dose of 1000 mg/kg, F. communis.
extract caused mortalities in mice,® suggesting that the plant is toxic.
Contact toxicity testing of F. communis shows no severe skin
symptomatology in humans, this may either be due to the dose used or
that the skin of the animals provided better protection against the toxic
effect of the plant extract.® Many environmental toxicants and
clinically useful drugs can cause severe damage to various organs by
eliciting the formation of free radicals.® In the present study, there were
no histological abnormality and no signs of organ toxicity after HEFE
administration. However, more studies are needed on the fruits and
other parts of the plant to better elucidate its pharmacological and/or
toxic effects.

=== 300 mg/kg == 400 mg/kg

aa

Figure 5: Effect of HEFE on body weight of mice following a 28-day oral administration. Bars represent mean + SD, (n = 3). Bars
with the same lower case letter are not significantly different compared with the control (P > 0.05).
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eated mice. A: Liver 400 mg/kg B: Liver 300 mg/kg C: Liver 200

mg/kg D: Liver control E: Kidney 400 mg/kg F: Kidney 300 mg/kg G: Kidney 200 mg/kg H: Kidney control.
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Table 7: Effect of HEFE on general behaviour in mice

Days
16
N

Sign Group

Control
200 mg/kg
300 mg/kg
400 mg/kg
Controls
200 mg/kg
300 mg/kg
400 mg/kg
Controls
200 mg/kg
300 mg/kg
400 mg/kg
Controls
200 mg/kg
300 mg/kg
400 mg/kg
Controls
200 mg/kg
300 mg/kg
400 mg/kg
Controls
200 mg/kg
300 mg/kg
400 mg/kg N N N N N N N N

Mobility

Aggressiveness

Tremor

Sleep

Vomiting

Vigilance

2 Z2 Z2 2 Z2 Z2 2 Z2 2 2 Z Z2 2 Z2Z Z2 2 Z2Z Z2Z Z Z2 Z2 Z Z
zZ2 zZz2 Z\z z zZ2 Z2z2 zZ2 Z2 22 zZ2Z 2 22 2 2 Z2 2 Z2 Z2 Z+®
2 Z2 22 Z2 Z2 2 Z2 2 2 2 Z2 2 Z2Z 2 2 2 Z2Z Z2 Z2 2 Z Z°
2 2 22 2 2 22 2 2 22 2 2 2 2 2 2 2 2 2 2 2%
Z 2z Z\lz Z2 2z zZ2\zZ2 Z2 2 Z\2Z2 2Z2 2 Z2Z2 2Z2 Z2 Z2zZ2 2 Z2 25
Z2 zZ2 Z2zZ2 Z2 Z2 Z\z Z2 2 Z\zZz 2 2 22 2 2 2Z2 2 2 2 2K
z z zZz\z z z zZz\zZ2z zZ2 2z zZz\zZz 2z zZ2z zZzlz 2z zZ2 z zZz 2z zZz zZ
2 Z2 22 Z2 Z2 2 Z2 Z2 2 Z 2 2 Z2Z Z2 2 Z2 2 Z2 Z2 2 2
Z 2z z zZz\zZ2 2z Z2 2z 2 Z2 222 Z2 2 Z2 2 2Z2 2 Z2 2 2 25
zZz z z zlz2z 2zZ2 2 zZ2 2 2Z2 2 zZ2 2 2Z2 2 zZ22zZ2 2Z2 2 2zZ2 2 zZ2 23
zZz z z zzz 2z 2 z22z22Z 2 zZ22z22Z 2 zZ22z22zZ2 2 zZ2 2 zZ2 2R
Z z z zlz 2z zZ2 2z 2 Z 2 zZ2 2 Z2 2 zZ2 2 zZ22zZ2 zZ2z2 zZ2 2ZR
zZz z z zlz2z2zZ2 2 zZ22z2 2Z 2 zZ22 2Z 2 zZ22zZ2zZ2 2 zZ2 2 zZ2 2R

2 Z2 2 2 Z2 2 Z2 Z2 2 Z2 Z2 Z 2 Z2 2 Z Z2 Z2 Z Z

De: Decrease; N: Normal in comparison with the control.

Table 8: Variation in relative organ weight of HEFE treated mice compared to control

Organs Control Doses

200 mg/kg 300 mg/kg 400 mg/kg
Liver 1.78 +0.278* 1.12 +0.197¢ 1.284 +0.612* 1.48 +0.3972
Spleen 0.218 £ 0.097° 0.14 £ 0.061? 0.068 +0.016° 0.214 £ 0.057°
Right kidney 0.274 £ 0.051° 0.144 £ 0.029° 0.142 +0.032? 0.234 £0.057°
Left kidney 0.308 + 0.044* 0.154 +0.036° 0.146 +0.030° 0.228 +0.052?

Values are mean + SD, (n = 3). Values with different lower case letters in the same row are significantly different (P < 0.05).

Table 9: Effect of HEFE on hepatic and renal function parameters in mice

ASAT(UIL) ALAT(U/L) ALP (U/L) UREA (mg/dL) CREA (mg/dL)
Control (NaCl 0.9%) 224.8 + 36.33 2570 £258%  1450+2.88° 1570 £0.86%  0.18 +0.042
200 250.3 + 10.02° 2803+4.27%  186.7 £26.03° 18.07+4.08%  0.30+0.042
Dose (mg/kg) 300 268.9 £ 19.91° 36.07£043%  126.0+14.0° 2233+202°  0.26+0.02°
400 182.7 + 7.87° 3747+£168%  167.7+2332 1350 £1.79%  0.30 +0.02°

Data represent mean + SD, (n = 5). Values with different lower case letters in the same row are significantly different (P < 0.05).
AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, ALP = Alkaline phosphatase, CREA = Creatinine.
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Conclusion

The results from the present study have shown that the extracts of
Ferula communis fruits have remarkable antioxidant and antimicrobial
activities. Acute and sub-acute oral administration of the hydroethanol
extract of the fruits at doses of 200, 300, and 400 mg/kg showed no sign
of toxicity in mice, which suggest that the fruit extract of Ferula
communis may be safe when used at lower doses. However, further
studies are needed to substantiate these claims
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