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ABSTRACT: Medicinal plants are promising sources of natural substances with biological functions and several drugs have
been developed from traditional medicine. This study aimed to determine the chemical components of a hydromethanolic
extract from Foeniculum vulgare seeds. Total phenolic, flavonoid, and flavonol contents were assessed, and gas chromatog-
raphy-mass spectrometry (GC-MS) analysis was performed. To investigate the anti-inflammatory activity of F. vulgare seed
hydromethanolic extract, its effects on protein denaturation, protease activity, membrane stabilization, and heat-induced
hemolysis in red blood cells were evaluated in vitro. F. vulgare seed extract showed significant inhibition of protein dena-
turation (35.68+0.4%), protease activity (58.09+0.1%), and heat-induced hemolysis in red blood cells (9.67+0.3%) at
concentrations of 200, 250, and 200 ng/mL, respectively, compared to the reference drug indomethacin (P<0.001). This
remarkable anti-inflammatory activity may be attributable to the abundance of flavonoids in the F. vulgare seed extract.
GC-MS confirmed the presence of linalool and fatty acids (palmitic and oleic acids), which have potential anti-inflamma-
tory activities. Therefore, the hydromethanolic extract of F. vulgare seeds may be a valuable anti-inflammatory candidate

in the years ahead.
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INTRODUCTION

Inflammation is the bodily response to mechanical, chem-
ical, or physical injury, as well as microbial invasion. In-
teractions between cellular and humoral factors in inflam-
mation are complex and poorly understood (Wu et al.,
2014). The primary purpose of inflammation is to rid
the body of foreign matter or damaged cells and initiate
wound healing. Paradoxically, inflammation is involved
in the etiology of several diseases, including rheumatoid
arthritis, arteriosclerosis, inflammatory bowel disease,
myocarditis, infections, metabolic disorders, and cancer.
Anti-inflammatory medications can affect the pathophys-
iology of inflammation by reducing tissue damage and
enhancing a patients’ quality of life (Nunes et al., 2020).
Steroidal and nonsteroidal medicines are the main groups
of anti-inflammatory agents. However, anti-inflammatory
drug use is linked to a number of complications, includ-
ing adrenal atrophy (Phalitakul et al., 2011), osteoporo-
sis, and a decrease in the body’s ability to respond to inju-

ry or illness (Craig and Stitzel, 2004). Conversely, owing
to the inhibition of both physiological and inflammatory
prostaglandins and concomitant leukotriene synthesis,
nonsteroidal anti-inflammatory drugs may result in pep-
tic ulcers and bronchospasm (Abdulkhaleq et al., 2018).
The increase in the incidence of multiple-drug resist-
ance and the negative side effects of anti-inflammatory
drugs have issued the necessity of the development of
new anti-inflammatory drugs from alternative sources.
Owing to the variety of their chemical structures and ef-
fects, molecules from medicinal plants exhibiting anti-
inflammatory properties have the potential of satisfying
this demand (Fabricant and Farnworth, 2001). Foeniculum
vulgare, often known as fennel, has been used by conven-
tional healers for various illnesses affecting the reproduc-
tive, endocrine, digestive, and respiratory systems. It is
one of the oldest herbs native to the Mediterranean re-
gion and belongs to the Apiaceae family (Hornok, 1992).
F. vulgare extracts and included compounds have been
observed to be endowed with a number of properties, in-
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cluding anti-aging, anticolitic, antiallergic, antihirsutism,
antimicrobial and antiviral, antinociceptive, antipyretic,
antimutagenic, antithrombotic, antispasmodic, apoptotic,
anxiolytic, cardiovascular, antitumor, diuretic, estrogenic,
expectorant, galactogenic, hypoglycemic, hypolipidemic,
and hepatoprotective effects. Furthermore, it has gastro-
intestinal, memory-enhancing, and oculohypotensive ac-
tivities (Pradhan et al., 2008; Rasul et al., 2012; Koppula
and Kumar, 2013; Rahimi and Ardekani, 2013; Tripathi
et al., 2013). F. vulgare essential oil has valuable antioxi-
dant, anticancer, antifungal, and antibacterial activities
(Moura et al.,, 2005; El-Awadi and Hassan, 2010;
Altameme et al., 2015). The phenolic naturally occurring
substances in F. vulgare are believed to be linked to the
management of oxidative stress-induced diseases, includ-
ing cancer, inflammation, and heart conditions (Badgujar
et al., 2014). This study aimed to investigate the anti-in-
flammatory effect of a hydromethanolic extract of F. vul-
gare seeds in vitro by evaluating its capacity to inhibit the
protein denaturation, stabilize the red blood cell (RBC)
membrane in heat-induced hemolysis case, and inhibit
the protease activity. Phytochemical screening was per-
formed to identify the main bioactive chemical groups via
gas chromatography-mass spectrometry (GC-MS) analy-
sis and quantify the different phenolic compounds en-
closed in the extract by colorimetric reactions and spec-
trophotometric assays.

MATERIALS AND METHODS

Plant material

F. vulgare seeds were purchased at a small grocery store
in Jijel, Algeria. They were dried in the dark at ambient
temperature before being ground to make a dry powder.

F. vulgare extract preparation

Phenolic compound extraction from the seed powder of
the plant was performed using a solid-liquid method ac-
cording to the procedure of Owen and Johns (1999),
with slight modifications. The plant powder was macer-
ated at room temperature for 72 h in 80/20 (v/v) wa-
ter-methanol at a solid/liquid ratio of 1/10 (w/v) under
constant stirring using a magnetic stirrer. The hydro-
methanolic macerate was filtered using a Whatman pa-
per; subsequently, the filtrate was concentrated at 40°C
in a rotary evaporator (Laborota 4003, Heidolph Instru-
ments). After evaporation, the extract was introduced
into a Memmert-type oven (Model, Memmert) at 40°C
until its weight was stabilized to provide a crude extract.
The following formula was used to determine the ex-
traction yield:

Extraction yield (g/100 g of powder) = %x 100
0

where W is the weight of the extract following evapo-
ration of the solvent (g) and Wy is the weight of the test
portion (g).

The dried extract was stored in a dry sterile flask in the
dark at 4°C for pharmacological tests.

Total phenolic compound assessment

The quantity of phenolics in the extract was measured
using the Folin-Ciocalteu reagent according to the meth-
od of Othman et al. (2007), with minor modifications. A
0.2-mL aliquot of the extract or standard solution was
mixed with 1.5 mL of Folin-Ciocalteu reagent (1/10). Af-
ter 5 min in the dark at room temperature, 1.5 mL of a
7.5% sodium carbonate (Na,COs) solution was added to
the mixture, which was subsequently incubated in the
dark at room temperature for 90 min. Absorbance against
a blank was read at 750 nm. The average total phenolic
compound content is expressed as mg equivalent of gal-
lic acid (EGA) per gram of crude extract (mg EGA/g).
The trial was performed in triplicate and the average val-
ue was determined.

Total flavonoid assessment

The flavonoid content was spectrophotometrically esti-
mated according to the method of Djeridane et al. (2006),
with slight modifications. Here 1.5 mL of the extract or
standard solution was added to 1.5 mL of 2% aluminum
chloride (AICl3). The absorbance against a blank was read
at 430 nm after 30 min using the SPECORD® 50 PLUS
Spectrophotometer (Analytik Jena). The results were
presented in mg equivalent of quercetin (EQ) per gram
of crude extract (mg EQ/g). The trial was performed in
triplicate and the average value was calculated.

Flavonol assessment

The flavonol content was determined using the colori-
metric method described by Shehata et al. (2009), with
slight modifications. A 1-mL aliquot of the extract was
mixed with 1 mL of 2% AlCls; subsequently, 3 mL of a
5% sodium acetate solution was added. The mixture was
incubated for 30 min in the dark at room temperature.
The absorbance was read at 440 nm. The results were
presented in mg EQ/g of crude extract.

GC-MS analysis

The phytochemical investigation of the extract was per-
formed on a Shimadzu QP 2010 GC-MS equipment (Shi-
madzu), with (70 eV) electron impact ionization. An SE
30 capillary column (0.25x25 mm, CS-Chromatographie
Service GmbH) coated with 5% diphenyl and 95% di-
methylpolysiloxane was used. An oven was set to increase
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the temperature from 50°C to 250°C at a rate of 50°C/
min. The transfer line temperature was 250°C. Helium
was used as the carrier gas, flowing at a rate of 1.5 mL/
min with a 20:0 split ratio. The mass range and scan time
were 40~350 m/Z and 0.50 s, respectively. The results
were analyzed using the National Institute of Standards
and Technology mass spectral library of the GC-MS data
system. The determination of the percentage of each com-
ponent was based on peak area.

Evaluation of the anti-inflammatory activity of F. vulgare
extract

Protein denaturation assay: The test of inhibition of protein
denaturation was performed following the method of Kar
et al. (2012). The following three solutions were pre-
pared: the negative control solution (0.5 mL), which con-
tains 0.45 mL 5% bovine serum albumin (BSA) and 0.05
mL distilled water; the standard solution (0.5 mL), which
contains 0.45 mL 5% BSA and 0.05 mL indomethacin at
different concentrations (50~250 pg/mL); and the test
solution (0.5 mL), which contains 0.45 mL 5% BSA and
0.05 mL of the extract at different concentrations (50~
250 ug/mL). The pH of all the aforementioned solutions
was brought to 6.3 with 1 N hydrochloric acid (HCI).
The samples were kept for 20 min at 37°C; subsequently,
the temperature was increased to maintain the sample at
57°C for 3 min. Next, 2.5 mL of phosphate buffer solu-
tion (pH 6.3) was added after cooling. The absorbance
was recorded using an ultraviolet-visible spectrophotom-
eter at 416 nm. The protein denaturation inhibition per-
centage was determined using the following equation:

Acontrol *Atest
Acontrol

The percentage of inhibition (%)= x100

The control represents 100% of the protein denatura-

tion. The results were compared with those of the stand-
ard solution of indomethacin.
Cell membrane stabilization assay: The principle of this as-
say is to evaluate the capacity of the extract to preserve
the RBC membrane from heat-induced hemolysis. This
test was performed following the method described by
Kar et al. (2012), with minor modifications. First, a sus-
pension of RBCs was prepared by combining equal por-
tions of blood and a sterilized Alsever’s solution. The
suspension was centrifuged at 1,107 g to recuperate the
pellet (containing packed cells) which was washed with
iso-saline water and subsequently added to normal sal-
ine to prepare a 10% (v/v) suspension. This suspension
was conserved at 4°C before use.

Different concentrations of F. vulgare extract and indo-
methacin were prepared (50~1,000 pg/mL) in normal
saline. They were separately mixed with 1 mL phosphate
buffer, 2 mL hypo-saline, and 0.5 mL of the 10% RBC

suspension. All test mixtures were heated at 56°C for 30
min and centrifuged at 769 g for 10 min. Physiological
saline was used as a negative control and the absorbance
was read at 560 nm. The percentage of inhibition of he-
molysis of RBCs was calculated using the following for-
mula:

Acontrol — Atest

x100
Acontrol

The percentage of inhibition (%)=

Protease inhibition assay: The Sakat et al. (2010) technique
was used to perform this test. Here, 0.06 mg of trypsin,
1 mL of 20 mM Tris-HCl buffer (pH 7.4), and 1 mL of the
extract at various concentrations (50~250 g/mL) were
incorporated into the reaction mixture (2 mL). Distilled
water and indomethacin were used as the negative con-
trol and the standard, respectively. After 5 min of incuba-
tion at 37°C, 1 mL of the buffer solution containing 0.8%
(w/v) casein was added to the reaction mixture. After
another 20 min of inhibition, 2 mL acetic acid was added
to the mixture to terminate the reaction. After centrifug-
ing the suspension, the absorbance of the supernatant
was measured at 210 nm against the buffer solution
blank. The experiment was performed three times and
the following formula was used to determine the pro-
tease inhibitory activity:

Acontrol — Atest

x100
Acontrol

The percentage of inhibition (%)=

Statistical analysis

Each analysis was performed in triplicate and all the re-
sults were expressed as mean=standard deviation. Sta-
tistical analysis were performed using the analysis of var-
iance test coupled with Sidak’s multiple comparisons
tests using GraphPad Prism version 7.00 for windows
(GraphPad). The results were compared with those of a
reference drug (indomethacin), and the differences be-
tween the means were considered not significant when
P>0.05, significant when 0.05>P>0.01, highly signifi-
cant when 0.01>P>0.001, and very highly significant
when P<0.001.

RESULTS

Extraction yield
The F. vulgare extraction yield was 13.33%.

Phenolic content of F. vulgare extract

The results obtained were expressed in mg EGA/g of raw
extract, using the linear regression equation of the cali-
bration curve of gallic acid (y=0.0069x+0.0272, R*=
0.9987). The total phenolic constituents of the extract



144 Cherbal et al.

were observed to constitute 38.2+2.3 mg EGA/g of raw
extract. The total flavonoid content was determined using
the equation of the linear regression of the quercetin cali-
bration curve (y=0.0022x+0.0094, R*=0.9956). The con-
tent was estimated at 122.1+1.4 mg EQ/g of raw extract.
The flavonol content was determined using the equation
of the linear regression of the quercetin calibration curve
(y=0.0004x+0.0077, R*=0.9844). The content was esti-
mated at 205.2+2.3 mg EQ/g of raw extract. These sig-
nificant total flavonoid and flavonol levels indicate that F.
vulgare is rich in flavonoids and flavonols. The total phe-
nolic compound, flavonoid, and flavonol contents are
demonstrated in Table 1.

GC-MS results
The qualitative and quantitative profiles of F. vulgare ex-
tract are presented in Fig. 1. Compounds are listed ac-

Table 1. Total phenol, flavonoid, and flavonol contents of the
hydromethanolic extract of Foeniculum vulgare seeds

Total phenols Flavonoids Flavonols
(mg EGA/g) (mg EQ/g) (mg EQ/g)
38.2+2.3 122.1£14 205.2+2.3

EGA, equivalent of gallic acid; EQ, equivalent of quercetin.
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Fig. 1. Gas chromatography-mass spectrometry profile of

Foeniculum vulgare. 1, linalool (major component); 2, palmitic
acid; 3, diisobutyl phthalate; 4, eriostoic acid: and 5, oleic acid
(major component). TIC, total ion chromatogram.

cording to their mass/charge ratio (m/z) in Table 2. Re-
sults showed that the F. vulgare sample contained linalool
and oleic acid as major constituents (34.47% and 14.28%,
respectively).

Anti-inflammatory activity of F. vulgare

The effect of F. vulgare extract on protein denaturation: Ac-
cording to the results presented in Fig. 2, the hydrometh-
anolic extract of F. vulgare seeds provoked an increase in
protein denaturation inhibition, which was highly signif-
icant at 100 pug/mL concentration (P<0.01) and very
highly significant at 50, 150, 200, and 250 pg/mL con-
centrations (P<0.001). F. vulgare exhibited the maximum
percentage of protein denaturation inhibition of 35.68+
0.40% at 200 pug/mL. Conversely, indomethacin exhib-
ited a maximal inhibition of 14.55+0.70% at 150 pg/mL
concentration at which F. vulgare extract reached a per-
centage of inhibition of 29.08+0.10%. These results
show that the hydromethanolic extract of F. vulgare has
anti-inflammatory activity by inhibiting protein denatura-
tion and this activity is more significant than that shown
by indomethacin.
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Fig. 2. The percentage of inhibition of protein denaturation by
the hydromethanolic extract of Foeniculum vulgare and indo-
methacin at different concentrations. Results are expressed as
meantstandard deviation (n=3 replicates). Comparison was
performed between F£. vulgare extract and indomethacin at each
concentration using analysis of variance (ANOVA) followed by
Sidak’s multiple comparisons test at **/~<0.01 and ***/~<0.001.

Table 2. Qualitative and quantitative compositions of the hydromethanolic extract of Foeniculum vulgare seeds according to gas

chromatography-mass spectrometry analysis

Peak IUPAC name Chemical name Height (%) M/Z
1 1,6-Octadien-3-ol, 3,7-dimethyl Linalool 34.47 93.10
2 Hexadecanoic acid, methyl ester Palmitic acid 5.48 74.00
3 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl)ester Diisobutyl phthalate 3.68 149.05
4 2H,8H-Benzol[1,2-b:5,4-b’1dipyran-10-propanoic acid 5-methoxy-2,2,8,8-  Eriostoic acid 10.58 343.05

tetramethyl, methyl ester
5 9-Octadecenoic acid(Z)-, methyl ester Oleic acid 14.28 55.00

IUPAC, International Union of Pure and Applied Chemistry; M/Z, mass/charge ratio.
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Fig. 3. The percentage of stabilization of heat-induced hemol-
ysis by the hydromethanolic extract of Foeniculum vulgare and
indomethacin at different concentrations. Results are expressed
as meanzstandard deviation (n=3 replicates). Comparison was
performed between F. vulgare extract and indomethacin at each
concentration using analysis of variance (ANOVA) followed by
Sidak’s multiple comparisons test at ***/~<0.001. ns, not signif-
icant.

The effect of F. vulgare extract on RBC membrane stabilization:
The results demonstrated in Fig. 3 show a reduction in
RBC hemolysis when treated with the hydromethanolic
extract of F. vulgare at concentrations ranging from 50 to
1,000 pg/mL. This reduction was more significant than
that observed with indomethacin, and the difference in
the activity was very highly significant (P<0.001) at all
concentrations except for the 1,000 ug/mL concentration
at which the difference in the effect was not significant
(P=0.8910).

The maximum inhibition was 9.67+0.30% with the ex-
tract of F. vulgare at the 200 pg/mL concentration, where-
as indomethacin had a maximum inhibition of 6.30%
0.30% at the 1,000 pug/mL concentration. These findings
suggest that the hydromethanolic extract of F. vulgare
seeds may have a significant competence to stabilize the
cell membrane.

The effect of F. vulgare extract on protease activity: The per-
centage of inhibition of trypsin (a protease) by the hydro-
methanolic extract of F. vulgare and indomethacin is il-
lustrated in Fig. 4. The results indicate that at 150, 200,
and 250 pg/mL concentrations, F. vulgare extract had a
very significantly higher protease inhibitory effect than
indomethacin (P<0.001), with values of 34.38=+0.00,
23.00=0.37, and 58.09+0.10%, respectively, for F. vul-
gare extract, and 11.82%+0.95, 10.42+1.63, and 10.97=+
1.63%, respectively, for indomethacin. Conversely, at 50
and 100 pg/mL concentrations, indomethacin had a sig-
nificantly higher protease inhibitory effect of 17.81+
0.10% and 15.80+1.54%, respectively, whereas that of
F. vulgare extract was 0.9320.20% and 1.24+0.14%, re-
spectively. From these results, it can be presumed that F.
vulgare has anti-inflammatory activity by inhibiting the
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Fig. 4. The percentage of inhibition of trypsin by the hydro-
methanolic extract of Foeniculum vulgare and indomethacin at
different concentrations. Comparison was performed between
F. vulgare extract and indomethacin at each concentration us-
ing analysis of variance (ANOVA) followed by Sidak’s multiple
comparisons test at ***/£<0.001.

action of proteases, which is more significant than that
shown by indomethacin at concentrations higher than
100 pg/mL.

DISCUSSION

Recently, the search for phytochemicals with anti-inflam-
matory effects has been increasing owing to their poten-
tial use in the prevention and management of numerous
chronic and infectious diseases. In the present study, we
have noted strong anti-inflammatory activities for the
methanolic extract of F. vulgare. Chemically, Foeniculum
species are recognized by the presence of essential oils
(Ozbek et al., 2003), sterols (Ivanov, 1979), coumarins
(Kwon et al., 2002), and flavonoids (Parejo et al., 2004).
Certain Foeniculum species have been linked to specific
bioactivities, including antioxidant and antibacterial prop-
erties for F. vulgare aerial parts (Ruberto et al., 2000) and
analgesic and anti-inflammatory properties for the plant’s
fruits (Choi and Hwang, 2004). Methanol was used as an
extraction solvent since it is already evident that meth-
anol is better for phenol and flavonoid extraction owing
to its high polar propriety (Kothari et al., 2012). F. vul-
gare hydromethanolic extract seems to include phenolic
groups, expressed in EGA. The phenolic content was ob-
served to be 38.2+2.3 mg EGA/g, which is greater than
that observed in other medicinal plants already studied
for their anti-inflammatory activity, including the hydro-
methanolic extract of Spergularia marina that contained 17
mg EGA/g (Kong, 2014). Furthermore, the flavonoid con-
tent noted in F. vulgare was 122.1+1.4 mg EGA/g, which
is higher than that reported by Cherbal et al. (2012) in
Pistachia lentiscus L. (38.7+0.02 mg EQ/g) and Amezouar
et al. (2013) in Erica arborea L. (54.08=0.031 mg EQ/g),



146 Cherbal et al.

and even much higher than the total flavonoid content
of the hydro-alcoholic extracts of F. vulgare (12.3%0.18
mg EQ/g) studied by Badgujar et al. (2014). Our present
study indicates that F. vulgare involves significant flavo-
noid content, which may be responsible for the activity
of the extract, as it is repeatedly proven by several studies
that a multitude of flavonoids have anti-inflammatory
properties. In fact, the anti-inflammatory effects of mor-
in, rutin, and quercetin (flavonols) were explored in ani-
mal models, and several mechanisms elucidating the an-
ti-inflammatory action of flavonoids have been illustrated,
including radical scavenging and anti-oxidative activities,
control of cellular activities of inflammation-associated
cells, regulation of arachidonic acid metabolism enzymes
[cyclooxygenase (COX), phospholipase A2, and lipoxygen-
ase] and nitric oxide synthase (NOS), and regulation of
gene expression of pro-inflammatory molecules (Garcia-
Lafuente et al., 2009; Ham et al., 2021).

Protein denaturation is a well-recognized cause of in-
flammation. The production of autoantigens in inflam-
matory diseases, including rheumatoid arthritis, may be
caused by in vivo denaturation of proteins. As a part of
the investigation of the anti-inflammatory mechanisms,
the capacity of F. vulgare seed extract to prevent protein
denaturation was investigated. Protein denaturation is a
phenomenon wherein proteins lose their secondary and
tertiary configurations owing to external stress, such as
heat, or compounds, such as strong acids or bases, or in-
organic solvents, thereby causing alteration of function
since most biological proteins lose their activity when
denaturized (Marliyah and Ananthi, 2015). One mecha-
nism contributing to the anti-inflammatory activity of F.
vulgare may be its capacity to reduce protein heat dena-
turation. Our results showed that F. vulgare seed extract
produced a significant protein denaturation inhibition at
different concentrations, with a maximum inhibitory ac-
tivity of 35.68+0.40% shown at 200 pg/mL concentra-
tion. However, we have observed that the percentage of
inhibition was greater at 50 pg/mL than that shown at
100 pg/mL. It is common that a particular pharmacolog-
ical effect is non-concentration-related. In some cases,
unexpected relationships between concentration and out-
comes occur. One of the reasons that resolve the paradox
of apparently non-concentration-related effect is the im-
precision or inaccuracy in the measurement of either the
concentration or the effect. Moreover, concentration-re-
sponse relationships generally depend on the exposure
time. Accordingly, the nonlinear concentration-response
relationship observed may be because of the expanded
exposure time at 50 ug/mL concentration.

Since the erythrocyte membrane is homologous to the
lysosomal membrane (Shenoy et al., 2010), RBC mem-
brane preservation has been adopted as a tool for exam-
ining the in vitro anti-inflammatory action. This suggests

that if the extract can preserve the RBC membrane, it
may also be capable of protecting the lysosomal mem-
brane. Lysosomal stability is crucial in regulating the in-
flammatory response by blocking the extracellular release
of lysosomal components of activated neutrophils, in-
cluding bactericidal enzymes and proteases, which further
exacerbate tissue inflammation and damage. Nonsteroi-
dal medications act by either suppressing lysosomal en-
zymes or maintaining lysosomal membranes (Hu and Xu,
2011). RBC membrane stabilization was evaluated to es-
tablish the mechanism of the anti-inflammatory action
of F. vulgare extract. The extract efficiently inhibited the
heat-induced hemolysis. This provides evidence for the
membrane stabilization effect of F. vulgare extract as an-
other mechanism for its anti-inflammatory effect.

Proteolytic enzymes are essential regulators and mod-
ulators of the inflammatory response (Reshma et al.,
2014). It was previously established that the lysosomal
proteinase of activated neutrophils has a significant im-
pact on tissue damage expansion during inflammatory re-
sponses (Leelaprakash and Dass, 2011). Consequently,
protease inhibitors have received increasing attention as
powerful tools for inactivating proteases in the patho-
genic process of inflammation (Ruiz-Ruiz et al., 2017).
The hydromethanolic extract of F. vulgare exhibited a sig-
nificant anti-proteinase activity, with a maximum inhib-
ition of 58.09+0.10% at 250 pug/mlL, whereas indometh-
acin showed a maximum proteinase inhibitory action of
17.81+0.10% at 50 pg/mL. Since flavonoids have been
reported to inhibit enzymes with various catalytic activ-
ities, their high concentration in the F. vulgare extract may
be responsible for the significant activity it exhibits.

We further investigated the chemical composition of F.
vulgare using GC-MS analysis and identified five different
components, among which three have anti-inflammatory
activity, namely linalool (CioH;s0, the major constituent
of F. vulgare extract), palmitic, and oleic acids (fatty ac-
ids). Linalool, also called monoterpenol (Ilc et al., 2016)
or 3,7-dimethyl-1,6-octadien-3-ol (El Asbahani et al.,
2015), is an acyclic monoterpene tertiary alcohol ob-
served in the essential oils of several plant species
(Aprotosoaie et al., 2014; Raguso, 2016). It is non-toxic
and has been shown in various in vitro and in vivo studies
to have various bioactivities that can be exploited for
pharmaceutical purposes, such as anticancer, anti-inflam-
matory, antimicrobial, anti-hyperlipidemic, antidepres-
sant, antioxidant, analgesic, and neuroprotective activ-
ities (Pereira et al., 2018). Linalool’s anti-inflammatory
activity has been explored in vivo and in vitro and has been
observed to attenuate the lipopolysaccharide (LPS)-in-
duced tumor necrosis factor-o. (TNF-a;) and interleukin
(IL)-6 production, block the nuclear factor-kappa B (NF-
kB) pathway and mitogen-activated protein kinases path-
way activation, and inhibit inflammatory cell infiltration
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and IL-1p, IL-8, and monocyte chemoattractant protein-1
production (Ma et al., 2015). This study has concluded
that cytokine production suppression is related to lina-
lool’s inhibitory impact on the NF-kB cellular pathway
and COX-2, indicating that linalool can be used to reduce
the inflammatory responses induced by conditions, in-
cluding diabetes and cardiovascular diseases (Chang and
Shen, 2014). Furthermore, linalool may prevent the syn-
thesis of nitric oxide (NO), which is involved in the gen-
eration of edema, vasodilation, and the attraction of the
immunological cells to the site of infection (Pereira et al.,
2018).

Several studies have reported that fatty acid anti-inflam-
matory properties are related to lower TNF-o, IL-10, IL-
1B, and IL-6 levels (James et al., 2000). It is confirmed
that palmitic acid, a saturated fatty acid, can influence
immunological responses by specifically affecting T cells
or inhibiting phospholipase A2, which is responsible for
arachidonic acid and lysophospholipid release, which is
the first step in the production of powerful inflammato-
ry mediators, including leukotriene and prostaglandins
(Aparna et al., 2012). Oleic acid, another F. vulgare con-
stituent, is an indispensable fatty acid also known as
omega 9. It can suppress endothelial cell stimulation and
decrease inflammatory molecule expression (Carluccio
et al., 1999). Moreover, oleic acid inhibits the release of
pro-NO and prostaglandin E2 mediators as well as the
production of NOS and COX-2 in LPS-stimulated micro-
glial cells. This anti-inflammatory activity of oleic acid is
linked to the inhibition of reactive oxygen species (Oh et
al., 2009).

In conclusion, protein denaturation, membrane stabili-
zation, and protease inhibition assays showed that F. vul-
gare seed extract had anti-inflammatory potential. Phyto-
chemical screening revealed that F. vulgare seed extract
contains a substantial flavonoid content that could be
implicated in its anti-inflammatory activity. GC-MS anal-
ysis revealed that this extract contains essential oils and
fatty acids, including linalool, palmitic acid, and oleic ac-
id, which may be implicated in the anti-inflammatory ac-
tivity observed in vitro. These findings provide scientific
evidence supporting the traditional use of F. vulgare and
the potential of its seeds for use in developing anti-in-
flammatory drugs.
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