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Abstract: This work aimed to determine the chemical composition of hydrosol extract from Atrac-
tylis gummifera and to assess the in vitro antioxidant and anti-inflammatory properties of this extract,
as well as the isolated carlina oxide from the hydrosol extract of Atractylis gummifera. The study also
examined the in vitro synergistic effect of carlina oxide with BHT and diclofenac to reduce their
minimum effective doses and minimize potential side effects. The primary component of the hydro-
sol extract from A. gummifera was identified as the acetylenic compound carlina oxide (79.1%), which
was isolated and confirmed through spectroscopic techniques such as 'H NMR, *C NMR, and IR.
The results of the biological assays demonstrated that both the hydrosol extract and carlina oxide
exhibited noteworthy antioxidant and anti-inflammatory properties. Additionally, combining car-
lina oxide with positive controls yielded enhanced activities, resulting in a significant reduction in
inhibitory concentrations and doses of synthetic antioxidants and anti-inflammatories.
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1. Introduction

The challenge for an ethical and environmentally conscious industrialist is to create
products that are 100% natural, safe, and effective, meeting the demands of informed con-
sumers. This involves developing eco-designed products while respecting the natural var-
iability of plant extracts used as ingredients. This variability impacts not only the prod-
uct’s effectiveness and safety but also its stability throughout its useful lifespan.

In recent years, synthetic antioxidants have been explored in the pharmaceutical,
agro-food, and cosmetics industries as potential solutions to various conditions involving
oxidative stress. However, concerns have arisen about the long term carcinogenic, terato-
genic, and mutagenic effects of these synthetic antioxidants [1]. Additionally, a significant
portion of anti-inflammatory drugs available on the market is chemically based. While
these drugs are potent, their prolonged use can result in side effects, such as gastric intol-
erance [2]. Consequently, the replacement of chemical treatments with natural remedies
derived from plants, such as essential oils with effects equivalent to synthetically manu-
factured drugs, appears promising. Essential oils are natural substances biosynthesized
by aromatic plants, rich in bioactive compounds with robust biological and therapeutic
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effects. These effects encompass antioxidant, anticancer, anti-inflammatory, antimicrobial,
antiviral, pain-relieving, and insecticidal properties [3-8]. Essential oils are also employed
to prolong the shelf life of food products and serve as antioxidants, reducing susceptibility
to bacterial contamination [9]. However, hydrosols, also known as the floral water bypro-
duct obtained during essential oil hydrodistillation, have received less attention in terms
of both chemical and biological research [10].

The Asteraceae family comprises a substantial variety of flowering plants, encom-
passing almost 1600 genera and housing over 23,000 species [11]. Among these species as
Matricaria recutita L., Carlina hispanica, Cartamus caeruleus are notably aromatic and have
previously been recognized for their medicinal uses [12,13].

Within the Asteraceae family, there is a genus known as Carlina. Traditional medi-
cine has ascribed a range of therapeutic properties to species within this genus. In numer-
ous countries, these plants have been employed in the treatment of various skin ailments,
including cancer [14]. The particular species under consideration in this study is A. gum-
mifera L.

A. gummifera L. was recorded by Linnaeus in 1753, but the plant was already known
to the ancient Greeks and Romans as the “Chameleon”. Theophrastus and Dioscorides, in
fact, described in their research two types of Chameleons, the white and the black, both
possessing various therapeutic and poisonous properties [15].

To explore the potential sources and applications of this plant, our study aimed to (i)
isolate the hydrosol exract from A. gummifera L. and its major components, (ii) assess the
in vitro anti-inflammatory activities of the hydrosol exract and its major component, and
(iif) evaluate the combined effects of the major component of the essential oil with refer-
ence molecules.

2. Material and Methods
2.1. Plant Material

A. gummifera L. samples were harvested at the flowering stage in May 2022 from
Oucheba Forest in Tlemcen (Algeria). The authentication of the collected plant was made
by Dr. KAZI TANI Choukri, a botanist affiliated with the Department of Pharmacy at the
University of Tlemcen.

2.2. Hydrosol Isolation and Liquid—Liquid Extraction (LLE)

A. gummifera L. samples (1 kg) were submitted to hydrodistillation in a Clevenger-
type apparatus for 5 h. The first 500 mL of water from hydrodistillation was recovered in
order to obtain the corresponding hydrosol. Hydrosol was extracted three times with 200
mL of diethyl ether at room temperature. The organic layer was evaporated and dried on
Na:50s, giving a yellowish oil with yield of 0 6%.

2.3. Isolation of Components

Collective hydrosol extract (1 g) was obtained by the mixture of all hydrosol extract
samples, which was then subsequently submitted to Column chromatography for sepa-
ration, using silica gel column chromatography (FC, silica gel 200-500 pm) and eluted
with 100% Hexane.

2.4. Gas Chromatography

Gas Chromatography (GC) analyses were performed using a Perkin-Elmer Clarus
600 GC apparatus located in Walhton, MA, USA. The instrument was equipped with a
single injector and two Flame Ionization Detectors (FID). Simultaneous sampling was con-
ducted on two fused-silica capillary columns with the following specifications: 60 m in
length, 0.22 mm in diameter, and a film thickness of 0.25 um. These columns had different
stationary phases, namely Rtx-1 (polydimethylsiloxane) and Rtx-Wax (polyethylene gly-
col). The temperature program for the oven was initiated at 60 °C, with a gradual increase
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of 2 °C per minute until reaching 230 °C. The temperature was then maintained isother-
mally at 230 °C for 35 min. The carrier gas used was helium, with a flow rate of 1 mL per
minute. Injector and detector temperatures were held at 280 °C. Split injection was per-
formed with a split ratio of 1:50, and the injected volume was 0.2 pL. Retention indices
(RIs) of the compounds were determined using software provided by Perkin-Elmer [16].

2.5. Gas Chromatography-Mass Spectrometry Analysis (GC-MS)

The samples were subjected to analysis using a Perkin-Elmer Turbo Mass quadru-
pole analyzer, which was directly connected to a Perkin-Elmer Autosystem XL. This setup
featured two identical fused-silica capillary columns and operated under the same gas
chromatography (GC) conditions as previously detailed, with the exception of a split ratio
of 1:80. Electronic Impact (EI) mass spectra were generated under the following condi-
tions: Ion source temperature: 150 °C, Ionization energy: 70 electronvolts (eV), Mass range:
35 to 350 Daltons (Da), Scan time: 1 s [17].

2.6. Component Identification and Quantification

Component identification and quantification were conducted in the following man-
ner:

e Identification of Components: Component identification involved two main ap-
proaches:

(i) GC retention indices (RI) were determined by comparing them on both non-polar
and polar columns. These RIs were established relative to the retention times of a series
of n-alkanes using linear interpolation. The obtained Rls were then compared with those
of known authentic compounds or data found in the literature [18-20].

(if) Mass spectral data was used for computer matching with commercial mass spec-
tral libraries [21,22], as well as a comparison with spectra from an in-house laboratory
library.

¢  Quantification of Components:

Quantification of the components within the hydrosol extract was achieved by deter-
mining peak normalization percent abundances. This process involved calculating the in-
tegrated response factors from Flame Ionization Detection (FID) relative to a specific in-
ternal standard, tridecane (present at 0.7 g per 100 g). This allowed for accurate quantifi-
cation of the components in the extract.

This methodology ensured the accurate identification and quantification of the vari-
ous components within the hydrosol extract.

2.7. DPPH Free Radical Scavenging Assay

The antioxidant potential of both the hydrosol extract and carlina oxide was eva-
luated using the DPPH (2,2-Diphenyl Picryl-Hydrazyl) free radical scavenging assay [23].
Here’s the procedure for calculating the antioxidant activity:

e  Preparation of Solutions:

Stock solutions of hydrosol extract and carlina oxide were prepared at a concentra-
tion of 20 g/L.

A range of different concentrations, varying between 0.5 and 20 g/L, were derived
from these stock solutions.

e  Reaction Mixture:

A total of 1000 pL of each concentration was combined with 1000 uL of an ethanolic
solution of DPPH (0.5 mM).

Incubation: The mixture was then incubated for 30 min in a dark environment at
room temperature.

. Absorbance Measurement:



Chem. Proc. 2023, 14, x FOR PEER REVIEW 4 of 9

After incubation, the absorbance of the solutions was measured at a wavelength of
517 nm using a spectrophotometer.

. Positive Control:

The same concentrations were prepared for BHT (a known antioxidant) to serve as a
positive control for comparison.

e Antioxidant Activity Calculation:

The antioxidant activity was calculated in the following way:
AA (OA)) = [(AbScontroI — Abs test)/AbScontrol] x 100

Where: AA: antioxidant activity, Abs: absorbance. The ICsis were calculated graphically
by the linear regression formula of the inhibition percentages as a function of different
concentrations of the sample tested.

2.8. B-Carotene Bleaching Test

The antioxidant capacity of both the hydrosol extract and carlina oxide was assessed
using the [3-carotene bleaching test, which measures their ability to inhibit the oxidative
degradation (discoloration) of (-carotene caused by the oxidation products of linoleic
acid. This test follows the method outlined by Bougatef et al. [24]. Here’s a summary of
the procedure and how the percentage inhibition was calculated:

. Preparation of 3-Carotene/Linoleic Acid Emulsion:

Initially, a p-carotene/linoleic acid emulsion was prepared by dissolving 2 mg of f3-
carotene in 10 mL of chloroform.

Then, 25 pL of linoleic acid and 200 mg of Tween 40 were mixed into the solution.
The chloroform was completely evaporated at 40 °C using a rotavapor. Afterward, 100
mL of distilled water saturated with oxygen were added to create an emulsion, which was
vigorously stirred.

e  Sample Preparation:

Test tubes containing 2.5 mL of the emulsion were prepared. To these test tubes, 1
mL of the extracts in ethanol at various concentrations was added.

e Heating and Absorbance Measurement:

The test tubes were then heated to 50 °C in a double boiler. Absorbance readings
were taken for all samples at two time points: immediately (t = 0) and after 120 min, using
a spectrophotometer. A blank sample, consisting of an emulsion without 3-carotene, was
also measured for reference.

1. Percentage Inhibition Calculation:

The percentage inhibition was calculated using the following formula:
A% =[1- (At © — Ac a20/(Ac © — Ac a20)] x 100

where: Aeo: Absorbance at 470 nm of the samples at t = 120 min.

Aco: Absorbance at 470 nm of the control at t = 0 min.
Ac2o: Absorbance at 470 nm of the control at t = 120 min.

The ICsos was calculated graphically by the linear regression formula of the inhibition
percentages as a function of different concentrations of the sample tested.

2.9. Anti-Inflammatory Activity

The anti-inflammatory activity of the hydrosol extract and carlina oxide was eva-
luated in vitro using the protein denaturation method, with diclofenac serving as a refe-
rence anti-inflammatory drug. The procedure involved the following steps:

° Reaction Mixture:
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A reaction mixture was prepared, consisting of 2 mL of various dilutions of the hy-
drosol extract, carlina oxide, or a control solution (distilled water).

To this, 2.8 mL of phosphate-buffered saline (PBS, pH 6.4) mixed with 0.2 mL of fresh
egg albumin were added.

e Incubation:
The mixture was incubated at 37 °C for 15 min.
. Denaturation:

After incubation, the denaturation of albumin was induced by placing the mixture in
a water bath at 70 °C for 5 min.

e  Absorbance Measurement:

After cooling, the absorbance of the samples was measured at 660 nm using a spec-
trophotometer.

e  Percentage Inhibition Calculation:

The percentage inhibition of denaturation was calculated using the following for-
mula:

% Inhibition = [(Ac — At)/Ac] x 100

Ac: Absorbance at 660 nm of control,
A« Absorbance at 660 nm of samples

3. Results and Discussion
3.1. Chemical Composition of the Hydrosol Extract

Prepared by liquid-liquid extraction, the hydrosol extract was also analyzed by GC-
IR and GC/MS, and eleven constituents representing 99.8% of the total extract composi-
tion were identified (Table 1). The hydrosol extract consists exclusively of oxygenated
compounds. The primary chemical classes in the hydrosol extract are acetylenic com-
pounds (79.1%) and non-terpenic oxygenated compounds (13.8%), followed by oxygen-
ated diterpenes (5.8%). The major constituents are carlina oxide (79.1%), hexadecanol
(10.1%), and ferruginol (5.7%). Ferruginol was first isolated in 1939 from the resin of the
Miro tree (Podocarpus ferrugineus), an endemic species of New Zealand. Ferruginol (ab-
ieta-8,11,13-triene-12-o0l) is the simplest phenolic abietane diterpenoid. This abietane is
found in plants belonging to the families Podocarpaceae, Cupressaceae, Lamiaceae, and
Verbenaceae, among others. This diterpene has garnered significant attention as it is
known to possess multiple activities, including antimicrobial, miticidal, cardioactive, an-
tioxidant, anti-leishmanial, and nematicidal properties [27].

Table 1. Chemical composition of the hydrosol extract of A. gummifera L.

N° Composés Lit/Ir Ira Irp d HYf Identification 8
1  Benzaldehyde 929 930 1525 2.1 IR, SM
2 2-Pentylfuran 981 977 1231 1.6 IR, SM
3  p-Propylanisole 1189 1194 1607 0.2 IR, SM
4 Carlina oxide - 1573 2380 79.1 IR, SM
5  Humulene epoxide 1601 1601 2044 0.2 IR, SM
g L ahydroxy-S-epi 1656 1658 1525 0.2 IR, SM
Caryophyllene
7  a-Bisabolol 1672 1673 2316 0.2 IR, SM
8  (EE)-Farnesol 1707 1711 2219 0.3 IR, SM
9 Hexadecanol 1864 1869 2259 10.1 IR, SM
10 (E)-Phytol 2107 2106 - 0.1 IR, SM

11 Ferruginol 2335 2329 2617 5.7 IR, SM, ref
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% d’identification

99.8
% Oxygenated Monoterpenes
. 0.2
% Acetylenic Compounds
. 79.1
% Non-Terpenic Oxygenated - 13.8
Compounds
. 0.9
% Oxygenated Sesquiterpenes 58

% Oxygenated Diterpenes

2. Elution order on nonpolar column (Rtx-1). b. Literature-derived retention indices on nonpolar col-
umn. <. Retention indices on nonpolar column Rtx-1. . Retention indices on polar column Rtx-wax.
fHY: Hydrosol extract; 8. RI: Retention Index; MS: Mass Spectrometry in electron impact mode. Ref:
Compounds identified using commercial libraries [28].

However, our spectral libraries proved ineffective in identifying the primary compo-
nent of the hydrosol extract (listed as N°4 in Table 1). To address this, column chromato-
graphy, as detailed in the materials and methods section, was employed to isolate the
major compound, Carlina oxide, with a mass of 0.70 g. Identification of Carlina oxide in-
volved additional complementary analyses, including 'H NMR, *C NMR, and IR spectra.
By comparing the obtained compound with data found in the literature [29], Carlina oxide
was successfully identified, also known as benzyl-2-furylacetylene (as shown in Figure 1).

% o]
|/

Figure 1. Carlina oxide.

Carlina oxide was identified through several complementary analyses, including 'H
NMR, ¥C NMR, and IR spectra. The specific spectral data for Carlina oxide are as follows:
e IR Spectrum (KBr, cm™):

Ca=C (C=C) stretching: 2216

C-H Aromatic (Ar) stretching: 3086

C=C Aromatic (Ar) bending: 1453, 1487, 1494, 1573

C=C Furan (furano) stretching: 1603

C-H Furan (furano) bending: 984

C-H Aromatic (Ar) bending: 740
e 1HNMR (300 MHz, CDCls, d ppm):

3.93 (2H, singlet, CH2)

6.44 (1H, doublet-doublet, J1 = 3.24, J2 = 1.8, CH in furan)

6.62 (1H, doublet, ] = 3.62, Furane C-H)

7.3-7.5 (6H, multiplet, CH in phenyl + CH in furan)

13¢ NMR (100 MHz, CDCI3, 6 ppm):

143.05, 137.4, 135.9, 128.7, 128.1, 126.9, 114.3, 110.8, 92.1, 73.1, 25.8

3.2. Evaluation of the Antioxidant Activities
e  DPPH Free Radical Scavenging Assay

The assessment of antioxidant capacity was carried out using the DPPH free radical
scavenging method and the (3-carotene bleaching method, with BHT serving as a positive
control (see Figure 2).

The half-maximal inhibitory concentration (IC50), which signifies the concentration
providing 50% inhibition of DPPH in the test solution, was determined. All samples de-
monstrated antioxidant activity.
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The combination of Carlina oxide and BHT exhibited the most robust activity in
quenching the DPPHe radical, with an ICs of 1.5 g/L. This IC50 is approximately 5 times
lower than that of the synthetic antioxidant used as a reference, BHT (IC50 = 7.6 g/L; Fi-
gure 2). It was followed by BHT (ICs0 = 7.6 g/L), Carlina oxide (ICs0 = 8.5 g/L), and the
hydrosol extract (ICso = 10.3 g/L) (Figure 2).

10.3

[
o N

Concentration mg/mL
o N B OO

hydrosol Oxyde de carline BHT Combinaison
extract

Figure 2. ICs Values for the Hydrosol Extract, Carlina Oxide, and the Carlina Oxide-BHT Combi-
nation at Various Concentrations Using the DPPHe Test.

e [3-Carotene Bleaching assay

The results obtained indicate that the hydrosol extract and carlina oxide exhibit
strong activity against peroxide radicals generated during the oxidation of linoleic acid
(see Figure 3). Carlina oxide displayed a more remarkable free radical scavenging activity
compared to the hydrosol extract, with ICso values of 5.2 g/L and 11.9 g/L, respectively.
The synthetic antioxidant had an ICso of approximately 4.8 g/L. Notably, the combination
of carlina oxide and BHT demonstrated a synergistic effect, with an ICso of 2.1 g/L, ap-
proximately twice as potent as BHT alone (Figure 3).

o 15 11.9

£

]

£

= 10

-

E 2.1

[= E

g =N

5 77
hydrosol Oxyde de carline = BHT Combinaison
extract

Figure 3. Antioxidant Potential of the Hydrosol Extract, Carlina Oxide, and the Carlina Oxide-BHT
Combination Using the 3-Carotene/Linoleic Acid Bleaching Assay at Various Concentrations.
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3.3. Assessment of Anti-Inflammatory Activity

The in-vitro evaluation of anti-inflammatory activity for the hydrosol extract, carlina
oxide, diclofenac sodium, and the carlina oxide-diclofenac combination was performed
using the protein denaturation method (refer to Table 2). The results presented in Table 2
demonstrate a concentration-dependent inhibition of protein denaturation (albumin) by
the tested samples.

Diclofenac sodium was used as the reference drug at an equivalent concentration.
The findings reveal that the hydrosol extract and carlina oxide exhibit notable inhibitory
effects, with percentages of 78.2% and 80.5%, respectively, at a concentration of 15 g/L, in
comparison to Diclofenac (65.8%) at the same concentration. Notably, the combination of
carlina oxide and Diclofenac displayed a strong inhibitory effect (90.1%) at the same con-
centration of 15 g/L (Table 2).

Table 2. Percentages of inhibition of protein denaturation of A. gummifera L. hydrosol extract, carlina
oxide, sodium diclofenac and their combination at different concentrations.

Percentage D’inhibition (%)

Cor:lc:l:;l/t;:]tl)ons Diclofenac de Hydrosol Carlina Ox- Combinaison
SODIUM (%) Extract ide
1 9.5+0.1 57+0.1 10.6 +0.1 12.1+0.2
2 18.5+0.1 11.3+0.3 11.5+0.1 19.3+0.1
3.5 243+0.2 252+0.2 29.8+0.3 39.7+0.1
5 334+0.8 39.1+£0.6 60.4+1.3 60.3 £0.2
10 46.3+0.6 69.3+1.6 754+0.8 77.8+0.9
15 65.8+1.1 78.2+0.8 80.5+0.5 90.1+1.1

Samples and positive control were done in triplicates (n = 3). SD = standard deviation. Combination:
Carlina oxide + Diclofenac.

4. Conclusions

The uniqueness of this work lies in the fact that, for the first time, the chemical com-
position and biological properties of Hydrosol Extract extracted from Atractylis gummif-
era has been described. The chemical analysis revealed that Hydrosol Extract is notably
abundant in acetylenic compounds. In vitro experiments combining carlina oxide with
BHT exhibited improved efficacy, resulting in a significant reduction in the inhibitory
concentration. Both the Hydrosol Extract and carlina oxide displayed promising anti-in-
flammatory activity, with the combination of carlina oxide and diclofenac showing supe-
rior results. The findings suggest that combining carlina oxide with positive controls can
lower the minimum effective dosage, potentially reducing side effects while maintaining
comparable potency. Therefore, further research should involve additional assessments
of the therapeutic effectiveness of the Hydrosol Extract, carlina oxide, and their combi-
nations, utilizing in vivo tests.
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