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Abstract: Cedrus atlantica (Endl.) Manetti ex Carrière is an endemic tree with spiritual value, and
it was used since immemorial time in folk medicine. The present study aims to evaluate the anti-
inflammatory (carrageenan-induced paw edema and formalin tests) and analgesic effects (hot plate
and acetic acid writhing tests) of the cedarwood essential oil, as well as inspect any toxicity (acute
toxicity), using several in vivo assays. Following the acetic acid writhing test and the hot plate
test, the EO presented an excellent analgesic effect compared to the controls, especially with the
dose of 50 mg/kg. Similar results were found while assessing the anti-inflammatory potential
in the carrageenan-induced paw edema and formalin assays. The acute toxicity assessment and
the subsequent monitoring of the animals, the biochemical analysis, and the relative organ weight,
demonstrated a total safety of the EO. The GC/MS analysis of the composition revealed that the major
compounds contained in this EO are beta-himachalene (51.95%), followed by alpha-himachalene
(15.82%), and gamma-himachalene (12.15%). This study supports the usage of this tree EO to alleviate
pain and inflammation.

Keywords: cedar; cedarwood; natural products; analgesia; in vivo testing; acute toxicity

1. Introduction

The Moroccan cedar forest, spread over an area of about 132,000 ha, produces nearly
100,000 m3/year of timber logs [1]. This tree variety is a source of income for the local
population, as well as the national economy [2]. This raw material constitutes an important
source for the production of essential oil [3].

Essential oils, also known as volatile oils, have long been utilized in food and drinks,
but they also have uses in a variety of other disciplines [4]. They are complex aromatic
molecules formed from plants that are mostly made up of terpenes and other components
such as aldehydes, fatty acids, phenols, ketones, esters, alcohols, nitrogen, and sulfur
compounds [5]. Around 400 plant species are grown on a big commercial basis to create
essential oils [6]. Cedrus atlantica, C. brevifolia, C. deodora, and C. libani are the four species
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of the genus Cedrus, which belongs to the Pinaceae family. C. atlantica (Endl.) Manetti ex
Carrière is endemic to Algeria’s Tell Atlas Mountains and Morocco’s Atlas Mountains (the
Rif and the Middle Atlas) [7]. The essence of Cedrus atlantica has always been considered
precious. It is used in the composition of many products, such as perfumes and some
hygiene products [8]. The chemical composition of essential oils depends on several factors,
such as environmental and climatic conditions, the season when the plants are harvested,
storage conditions, and the quality of the oil [9,10]. The essences of several plant species
have become popular in recent years, and many of their bioactive principles have recently
been applied in the agri-food, pharmaceutical, medical and cosmetic fields [11,12]. Thus,
the activity of essential oils against a large number of human pathogenic microorganisms
has been examined in detail by several authors [13,14]. Similarly, the inhibitory effect of
major constituents or total essential oil on insect pests and germs that cause food spoilage
has been investigated in several studies [15]. C. atlantica oil has been shown to possess
antimicrobial, antioxidant, analgesic, and cytotoxic activities, [16–21]. This study was
undertaken to valorize the medicinal proprieties of one of Morocco’s most endemic and
iconic trees that has been a luxury source of wood material and perfumery over the years.
In this study, well-designed procedures were performed to identify, extract, and determine
the chemical composition of the essential oil obtained from the hydrodistillation of Cedrus
atlantica wood. The medicinal proprieties were evaluated by determining the analgesic and
anti-inflammatory effects with the assessment of any potential toxicity in rodents.

2. Results and Discussion
2.1. Yield of Extraction

The EO obtained in this study from C. atlantica wood was 3.84%. This yield was
comparable with that obtained from other studies such as Fidah et al. (3.4%) [22] and
Jaouadi et al. (3.51 to 5.98%) [18]. Several research in the literature have examined the EO
yields of cedar wood, which vary greatly depending on the forest source and the section of
the tree used, such as the work of Jaouadi et al. [18] on the EO yield from wood tar, which
was found to be ranged from 8 to 11 percent.

2.2. Phytochemical Analysis of the Essential Oil Analysis

The phytochemical analysis revealed the presence of 13 compounds (Table 1 and
Figure 1) in the C. atlantica EO, with a total of 98.1% of the composition identified. From the
results, it appears that beta-himachalene is the major and the most abundant component in
this EO with 51.95%, followed by alpha-himachalene (15.82%) and gamma-himachalene
(12.15%) (Figure 2). Various studies have been carried out on to identify the chemical
composition of C. atlantica. Strani et al. found that the major compounds of the essential
oil from the Middle Atlas of Morocco were E-α-atlantone (28.75%) and β-himachalene
(14.62%) [17]. β-himachalene was the major compound (23.4 to 40.4%) of the EO from seven
different provenances in the Middle Atlas of Morocco [23], similar results were found in the
study of Jaouadi et al., with β-himachalene as a major compound from different samples
(24–44%) [18]. β-himachalene appears to be the characteristic molecule of the C. atlantica
wood, based on the current and previous studies, with almost half the percentage of all
components of the EO. Beta-himachalene belongs to the himachalane and lippifoliane
sesquiterpenoids family of chemicals. Himachalane and lippifoliane sesquiterpenoids are
diterpenoids having structures derived from the himachalane or lippifoliane skeletons.
As a result, beta-himachalene is classified as an isoprenoid lipid molecule. Because beta-
himachalene can also be present in anise [24], as well as ginger [25], it has the potential to
be used as a biomarker for the ingestion of these foods.
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Table 1. Cedarwood phytochemical components.

Compounds RT Height Area Start
Time

End
Time Total % Identification

Confidence *

1 n-Butyl acetate 3.201 210,155.846 3733.169 3.177 3.229 3.67 86%
2 α-Himachalene 8.947 977,411.769 16,090.733 8.923 8.975 15.82 98%
3 γ-Himachalene 9.124 595,045.667 12,357.828 9.100 9.172 12.15 98%
4 β-Himachalene 9.264 2982,285.40 51,776.785 9.232 9.292 50.89 98%

5 8-Methoxy-1-
acetonaphthone 9.328 55,896.667 853.530 9.304 9.340 0.84 83%

6 Delta-Cadinene 9.357 94,491.111 1441.262 9.340 9.377 1.42 97%
7 α-Calacorene 9.437 79,527.471 2472.597 9.401 9.469 2.43 80%
8 Calacorene 9.517 40,319.222 601.620 9.501 9.537 0.59 90%
9 α-Amorphene 10.043 61,618.364 1102.039 10.015 10.059 1.08 97%
10 Widdrene 10.208 54,910.529 1197.305 10.188 10.256 1.18 85%
11 Trans-acrylic acid 10.284 45,270.533 800.327 10.256 10.316 0.79 88%
12 (+)-β-Atlantone 10.429 201,378.091 3625.321 10.409 10.453 3.56 92%
13 (+)-α-Atlantone 10.818 229,762.000 3739.924 10.790 10.846 3.68 81%

Total 98.1%

* compared to the fragmentation spectra in the WILEY7N.L database.
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Figure 2. Cedar wood major compounds.

2.3. Anti-Nociceptive Activity Study
2.3.1. Peripheral Anti-Nociceptive Activity Assay

To assess the analgesic activity of the studied EO, the writhing test was performed.
Figure 3 present the effects of diclofenac (positive control) and three concentrations of
C. Atlantica essential oil on the percentage of inhibition of abdominal contractions.
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Figure 3. Analgesic activity of the essential oil of C. Atlantica by the writhing method. Values are
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After acetic acid injection to the mice, abdominal cramps are recorded after 30 min. In
the presence of diclofenac at 10 mg/kg and C. atlantica essential oil at 12.5, 25, and 50 mg/kg,
the number of abdominal cramps decreased compared to the negative control. It was also
noted that the effect was dose-dependent with percentages of inhibition of contractions of
61.24%, 83.13%, and 91.65% for the doses 12.5, 25, and 50 mg/kg, respectively, compared to
the positive control diclofenac 75.4%.

The doses of 25 and 50 mg/kg had a better inhibition percentage than that of the
control, with the dose of 50 mg/kg being the most potent. It has been proposed that
the peripheral nociceptive mechanism involved after acetic acid injection into rodents
may include the action of histamine, prostaglandins PGE2 and PGEα, serotonin, and
bradykinin [26], which may be inhibited by the action of the EO components.

2.3.2. Central Anti-Nociceptive Activity Assay: Hot Plate

In models of acute pain, heat is often utilized as a noxious stimulus. The dependent
variable is usually the delay of the animal’s reaction to the stimulation. The latency re-
sponses of treated and control animals are examined to see whether a test drug has analgesic
qualities. An antinociceptive or analgesic response is defined as a substantial increase in
the latency to react to the heat stimulus following a therapeutic therapy compared to a
control treatment [27].

The results of the anti-nociceptive effect of C. Atlantica oil by the hot plate method are
presented in Figure 4, which shows the maximum percentage of analgesia (MPA) of the
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samples as a function of dose and time. The analysis was performed using the doses of
12.5, 25, and 50 mg/kg. As shown in Figure 4, the doses of 25 and 50 mg/kg increased
analgesia and pain resistance in Swiss Albino mice. Compared with the positive control,
only the dose of 50 mg/kg showed a similar analgesic effect.
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plate method.

Studies on the analgesic and pain-relieving effect of C. atlantica were investigated by
inhalation confirming partially some of the results obtained. In mice, Martins et al. [19]
found that inhaling EO had an antihypersensitivity impact on postoperative pain induced
by plantar incision surgery, and that it reduces pain behavior through the activation of
opioidergic, serotonergic, noradrenergic, and dopaminergic systems, while Emer et al. [28]
indicated that the inhalation of the EO In a preclinical model of postoperative pain, has an
antihyperalgesic effect, probably via activation of the endocannabinoid system.

2.4. Anti-Inflammatory Activity Study
2.4.1. Carrageenan-Induced Paw Edema Assay

The percentages of inhibition of inflammatory edema by cedar essential oil are pre-
sented in Figure 5. A significant reduction of pain by cedar essential oil is observed at all
doses from the 3rd hour of the test.

As the inhibition increase with time, it appears that the EO activity is long-lasting,
and when comparing the effect of the three used doses, 12.5, 25, and 50 mg/kg, it can be
said that the effect is also dose-dependent, with the dose of 50 mg/kg demonstrating the
most prominent effect with an inhibition percentage of 98.36% compared to the standard
anti-inflammatory drug indomethacin (20 mg/kg) percentage of 88.52% after 5 h.

Carrageenan, a substance that increases the release of inflammatory mediators, is em-
ployed in this test standardized model to examine acute inflammation. Carrageenan causes
a biphasic reaction, with edema development and the release of kinins, histamine, and sero-
tonin in the first hour after injection, and prostaglandin release 2–3 h later. Prostaglandins
are the primary mediators of acute inflammation [29]. These findings show that EO has
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anti-inflammatory properties in both the first and second stages of the carrageenan-induced
inflammatory response.
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2.4.2. Formalin Test

The percentages of inhibition in the formalin test are presented in Figure 6. The
analysis of the results reveals that the batches treated with essential oil at the doses of 25
and 50 mg/kg show a percentage of pain inhibition comparable to that of the positive
control during the first phase (0 to 5 min) and also at the second phase (15 to 30 min) while
the batch treated with essential oil at the dose of 12.5 mg/kg showed a low percentage of
inhibition. The results show that the EO at the dose of 50 mg/kg has a similar effect as the
positive control with also a dose-dependent effect.
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The formalin test can be pharmacologically distinguished by a biphasic response,
first phase (first 10 min) and the second phase (15–20 min after the formalin injection).
The first reaction is considered to be triggered by a burst of activity from pain fibers
(especially C fibers), whereas the second is triggered by peripheral inflammation and
may be reduced with NSAIDs. Furthermore, so-called central sensitization is thought to
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have a role in the second-phase behavioral response [27]. The results show that the EO
administration successfully alleviates both phases with a corresponding analgesic and
anti-inflammatory potential.

Those observed anti-inflammatory potential could be attributed to some bioactive
components contained in the EO, especially the major compound beta-himachalene, which
a study conducted by Lenfeld et al. [30] confirmed its potential anti-inflammatory activity.

2.5. Acute Toxicity

The Swiss Albino mice treated with the three tested doses under acute conditions
showed no signs of toxicity during the study period compared to control animals, as shown
in Table 2.

Table 2. Behavioral parameters of the studied mice.

Normal
Control

CDEO
12.5 mg/kg

CDEO
25 mg/kg

CDEO
50 mg/kg

Fur & skin − − − −
Eyes − − − −

Salivation − − − −
Respiration − − − −

Urination (color) − − − −
Feces consistency − − − −

Somatomotor activity − − − −
Sleep − − − −

Mucous membrane − − − −
Convulsions & tremors − − − −

Itching − − − −
Coma − − − −

Mortality − − − −
−: no signs.

The body weights of control and treated mice at 12.5, 25, and 50 mg/kg are presented
in Figure 7. As indicated, there was a normal increase in the body weight of treated and
control mice, but no significant difference in the body weight of treated animals compared
with controls.

Table 3 presented the relative organ weights of the control and dose-treated mice with
12.5, 25, and 50 mg/kg of C. Atlantica essential oil (CDEO) and sacrificed after 14 days of
treatment. The results present are not significant when comparing it to the normal control,
indicating no toxicity towards those organs.

The biochemical parameters of the liver and kidney function are presented in Figure 8.
The evaluation of aspartate aminotransaminase (ASAT) shows a significant decrease in the
batches treated with C. Atlantica essential oil at doses of 12.5 and 25 mg/kg compared to
the control (Figure 8A).

Alanine aminotransaminase (ALAT) values were significantly decreased in the group
treated with C. Atlantica essential oil at the dose of 12.5 mg/Kg compared to the control
(p < 0.05) (Figure 8), but no significant change was observed in the other treated groups
(Figure 8B).

While for the renal function, the serum creatinine concentration showed a slight
elevation but was not significantly different from that of control animals (Figure 8D), and
urea concentrations recorded no significant difference (Figure 8C).
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Table 3. Relative organ weights of the tested mice.

Kidneys Liver Heart

Normal Control 1.457 ± 0.13 6.455 ± 0.062 0.71 ± 0.021

E.O of C. Atlantica 12.5 mg/Kg 1.36 ± 0.018 ns 6.043 ± 0.095 ns 0.68 ± 0.02 ns

E.O of C. Atlantica 25 mg/Kg 1.438 ± 0.034 ns 6.291 ± 0.086 ns 0.702 ± 0.027 ns

E.O of C. Atlantica 50 mg/Kg 1.373 ± 0.087 ns 6.328 ± 0.229 ns 0.734 ± 0.02 ns

ns: not significant (compared to control).
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3. Materials and Methods
3.1. Essential Oil Preparation

The essential oil of Cedrus atlantica (BPRN106) from the Middle Atlas of Morocco was
extracted by hydrodistillation in a Clevenger-type apparatus. The distillation was done by
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boiling 200 g of the tree wood powder in 1 L of water for 3 h. The essential oil was kept at
4 ◦C in the dark until further use.

3.2. GC Analysis: Identification of Phytochemical Compounds

The EO aliquot was prepared as follows: One mg of sample (EO weighted) was added
to 1 mL of ethyl acetate. Next, 1 µL of the sample was injected in split mode for 99 analysis
using a gas chromatograph (Agilent 6890 series) coupled to a mass spectrophotometer
(Agilent 5973). Agilent column HP-5MS (Model number 19091S-433; 30 m long, 0.25 mm
inside diameter, and 0.25 µm film thickness) was used and run in a positive mode. Helium
was used as a carrier gas. The oven temperature program was set to 60–300 ◦C for 10 min
and then maintained at 300 ◦C for 20 min. The detector temperature was set to 250 ◦C, and
the injector temperature to 260 ◦C. Identification of the compounds was done by comparing
the obtained molecule fragments (Mass spectra) with those of the Wiley 7n.L Mass Spectral
Library (Wiley, New York, NY, USA).

3.3. Anti-Nociceptive Activity Study
3.3.1. Peripheral Anti-Nociceptive Activity Assay

This study was conducted according to the method described by Bhowmick et al. [31]
with some modifications. It consists in inducing an allogenic action by the injection of acetic
acid (1%) to Swiss albino mice via an intraperitoneal route.

This injection induces a sensation of pain, which is manifested by a movement of
stretching of the hind legs and twisting of the dorsal-abdominal musculature, called
abdominal cramps. The analgesic effect is assessed by counting these cramps for 30 min
after the injection of the allogenic agent [32].

Five homogeneous batches of five animals were formed, and they were fasted 16 h
before testing:

- Control batch: animals in this batch received the vehicle solution (physiological water)
30 min before the injection of acetic acid (1%) intraperitoneally.

- Reference lot: animals in this lot were treated orally with Diclofenac 10 mg/kg (posi-
tive control) 30 min before intraperitoneal injection of acetic acid.

- Three test lots: the animals received the essential oil orally at three different doses,
12.5, 25, and 50 mg/kg, 30 min before the intraperitoneal injection of acetic acid.

The percentage of cramp inhibition (PI) is calculated according to the following formula:

PI = [(NCCo − NCTr)/NCCo] × 100

NCCo = average number of contortions in the control lot.

NCTr = average number of contortions in the treated lot.

3.3.2. Central Anti-Nociceptive Activity Assay: Hot Plate

In this test, mice were put on a hot plate set to 55 ± 1 ◦C. The mice’s nociceptive
reaction latency is the amount of time they take before leaping [33]. Over the course of
120 min, measurements were collected every 30 min. Mice in group 1 received 1 mL/kg
of a saline solution and served as a control. Mice in group 2 received sodium salicylate
(100 mg/kg (Positive Control), and groups 3, 4, and 5 received 12.5, 25, and 50 mg/kg of
Cedar essential oil, respectively. The reaction time was recorded at 30, 60, 90, and 120 min
after the administration of the treatments.

The maximum reaction time was set at 30 s to avoid any damage to the tissue of the
paws. If the reading exceeds 30 s, it would be considered maximum analgesia.

The maximum possible analgesia (MPA) was calculated as follows:

MPA = (Reaction time for treatment − Reaction time for saline)/30 s − Reaction for saline × 100
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3.4. Anti-Inflammatory Activity Study
3.4.1. Carrageenan-Induced Paw Edema Assay

In this test, the anti-inflammatory activity was assessed by the method of inhibition of
paw edema induced with carrageenan [34].

A total of 25 adult male Wistar rats weighing between 150 and 220 g were used in this
study (five in each group) and were maintained in a room with a constant temperature of
21 ◦C, a 12-h day-night cycle and access to water and food, and were fasted 15 h prior to
experimentation. The circumference of the hind paw of each rat was measured prior to
treatment, one hour before testing, using a digital caliper. The treatments were given by
oral administration using a stomach tube.

The animals were treated with the following doses:

- Normal control: rats were treated orally with physiological water.
- Positive control: rats were treated orally with diclofenac at 10 mg/kg
- Three test lots: animals were treated with essential oil of C. atlantica, at the dose of

12.5, 25, and 50 mg/kg.

One hour after gavage, each animal received an injection of 0.1 mL of 1% carrageenan
solution under the footpad of the paw. Measurement of paw volume was performed every
hour until the sixth hour. The mean percentage increase in paw volume (PA) and the
percentage of edema inhibition (PI) were calculated from the following formulas:

PA = [(Vt − V0)/V0] × 100

PI = [(PATe − PATr)/PATe] × 100

V0 = initial volume of the paw before induction of edema;

Vt = paw volume after administration of carrageenan administration and treatment.

PATe = percent increase in the paw volume in the paw of the control lot;

PATr = percent increase in the paw of the treated paw of the treated batch.

3.4.2. Formalin Test

Subcutaneous injection of 2% formalin at the sole of the right paw 30 min after the
following treatments was used to produce pain in Swiss albino mice [35]:

Group 1 was given distilled water;
Group 2 was given indomethacin (10 mg/kg);
Group 3 received a 12.5 mg/kg of essential oil;
Group 4 received a 25 mg/kg essential oil; and Group 5: received a 50 mg/kg extract.
The animals’ pain response (painful paw lift) was then observed and timed for 30 min

in two phases: 0–5 min early and 15–30 min late.
The pain inhibition percentages were computed as follows:

% I = 100 − (MRT/MRC) ∗ 100

% I = percent inhibition

MRT is an abbreviation for mean reaction time in the test group.
The mean reaction in the control group is denoted by MRC.

3.5. Acute Toxicity

Twenty adult male Swiss Albino mice (weight: 25–30 g) were used for this test. They
were fed a standard diet and were maintained at 24 ± 2 ◦C, 12-h light/dark cycle with free
access to food and water. Mice were fasted for 24 h before oral administration of treatments.

Four groups of five mice each were formed and treated as follows: group 1 control
was treated with distilled water, groups 2, 3, and 4 were treated with Cedarwood essential
oil at doses of 12.5, 25, and 50 mg/kg, respectively.
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After the administration of the essential oil at different doses, the animals were ob-
served for 14 days to record the appearance of any of the symptoms of intoxication (i.e.,
piloerection, aggressiveness, mobility, alertness, stool condition, vomiting), as well as the
mortality rates.

At the end of the experiment, the treated mice are sacrificed and the blood is collected
to evaluate the biochemical parameters: ASAT, ALAT, urea, and creatinine, and also the
relative organ weight.

3.6. Statistical Analysis

The data are presented as mean ± SEM. The analyses were performed with GraphPad
software Prism 6 Software (San Diego, CA, USA). All data were normally distributed.
Multiple comparisons within groups were performed by repeated measures ANOVA.
Statistical significance was accepted at p < 0.05

4. Conclusions

The usage of certain well-known essential oils as aromatherapy has prompted re-
searchers to investigate and find other ones that are both safer and more effective. Many
essential oils are utilized in folk medicine, and recent study suggests that more individu-
als should use them to maintain ancestral knowledge. The essential oil of C. atlantica in
this study showed high potential to be used for as analgesic and anti-inflammatory. Its
remarkable essence and usage as a perfume make it a more interesting combination that
could work on both preventive and curative levels. The determined safety of the essential
oil opens new possibilities to use this EO in the agri-food, cosmetic, and pharmaco-medical
to replace synthetic and conventional analgesics and anti-inflammatories.

Author Contributions: Conceptualization, O.A.K. and M.B.; methodology, H.M., D.O. and A.A.;
validation, A.S. and A.A.S.; formal analysis, A.S.A. and M.K.P.; data curation, H.M.; writing—original
draft preparation, O.A.K. and M.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Princess Nourah bint Abdulrahman University Researchers
Supporting Project number (PNURSP2022R141), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board at the Faculty of Sciences,
Oujda, Morocco (15/2021/LBBEH-1 and 1 April 2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available upon request.

Acknowledgments: The authors extend their appreciation to Princess Nourah bint Abdulrahman
University Researchers Supporting Project number (PNURSP2022R141), Princess Nourah bint
Abdulrahman University, Riyadh, Saudi Arabia. The authors also extend their appreciation to
Researchers Supporting Project (no. RSP-2021/379), King Saud University, Riyadh. Open access
funding provided by University of Helsinki.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cheddadi, R.; Fady, B.; François, L.; Hajar, L.; Suc, J.-P.; Huang, K.; Demarteau, M.; Vendramin, G.G.; Ortu, E. Putative Glacial

Refugia of Cedrus atlantica Deduced from Quaternary Pollen Records and Modern Genetic Diversity. J. Biogeogr. 2009, 36,
1361–1371. [CrossRef]

2. Valbuena, P.; Segur Pelayo, M.; Qarro, M. Managing Cedar Forests in Morocco’s Middle Atlas Mountains. Unasylva 2014, 65, 40.
3. Zrira, S.; Ghanmi, M. Chemical Composition and Antibacterial Activity of the Essential of Cedrus atlantica (Cedarwood Oil).

J. Essent. Oil Bear. Plants 2016, 19, 1267–1272. [CrossRef]
4. Johannessen, G.S. Post-Harvest Strategies to Reduce Enteric Bacteria Contamination of Vegetable, Nut and Fruit Products. In

Handbook of Organic Food Safety and Quality; Elsevier: Amsterdam, The Netherlands, 2007; pp. 433–453, ISBN 978-1-84569-010-6.

http://doi.org/10.1111/j.1365-2699.2008.02063.x
http://doi.org/10.1080/0972060X.2015.1137499


Processes 2022, 10, 581 12 of 13

5. Prakash, B.; Kumar, A.; Singh, P.P.; Songachan, L.S. Antimicrobial and Antioxidant Properties of Phytochemicals. In Functional
and Preservative Properties of Phytochemicals; Elsevier: Amsterdam, The Netherlands, 2020; pp. 1–45, ISBN 978-0-12-818593-3.

6. Bhattacharya, S. Cultivation of Essential Oils. In Essential Oils in Food Preservation, Flavor and Safety; Elsevier: Amsterdam,
The Netherlands, 2016; pp. 19–29, ISBN 978-0-12-416641-7.

7. Paoli, M.; Nam, A.-M.; Castola, V.; Casanova, J.; Bighelli, A. Chemical Variability of the Wood Essential Oil of Cedrus atlantica
Manetti from Corsica. Chem. Biodivers. 2011, 8, 344–351. [CrossRef] [PubMed]

8. Uehara, A.; Tommis, B.; Belhassen, E.; Satrani, B.; Ghanmi, M.; Baldovini, N. Odor-Active Constituents of Cedrus atlantica Wood
Essential Oil. Phytochemistry 2017, 144, 208–215. [CrossRef]

9. Radi, F.z.; Bouhrim, M.; Mechchate, H.; Al-zahrani, M.; Qurtam, A.A.; Aleissa, A.M.; Drioiche, A.; Handaq, N.; Zair, T.
Phytochemical Analysis, Antimicrobial and Antioxidant Properties of Thymus zygis L. and Thymus willdenowii Boiss. Essential
Oils. Plants 2021, 11, 15. [CrossRef] [PubMed]

10. El Karkouri, J.; Bouhrim, M.; Al Kamaly, O.M.; Mechchate, H.; Kchibale, A.; Adadi, I.; Amine, S.; Alaoui Ismaili, S.; Zair, T.
Chemical Composition, Antibacterial and Antifungal Activity of the Essential Oil from Cistus ladanifer L. Plants 2021, 10, 2068.
[CrossRef] [PubMed]

11. Burt, S. Essential Oils: Their Antibacterial Properties and Potential Applications in Foods—A Review. Int. J. Food Microbiol. 2004,
94, 223–253. [CrossRef]

12. El Ouahdani, K.; Es-safi, I.; Mechchate, H.; Al-zahrani, M.; Qurtam, A.A.; Aleissa, M.; Bari, A.; Bousta, D. Thymus algeriensis
and Artemisia herba-alba Essential Oils: Chemical Analysis, Antioxidant Potential and In Vivo Anti-Inflammatory, Analgesic
Activities, and Acute Toxicity. Molecules 2021, 26, 6780. [CrossRef]

13. Louail, Z.; Kameli, A.; Benabdelkader, T.; Bouti, K.; Hamza, K.; Krimat, S. Antimicrobial and Antioxidant Activity of Essential Oil
of Ammodaucus leucotrichus Coss. & Dur. Seeds. J. Mater. Environ. Sci. 2016, 7, 2328–2334.

14. da Costa, J.S.; de Figueiredo, R.O.; Setzer, W.N.; da Silva, J.K.R.; Maia, J.G.S.; Figueiredo, P.L.B. Monoterpenes and Sesquiterpenes
of Essential Oils from Psidium Species and Their Biological Properties. Molecules 2021, 26, 965.

15. Ibáñez, M.D.; Blázquez, M.A. Curcuma longa L. Rhizome Essential Oil from Extraction to Its Agri-Food Applications. A Review.
Plants 2020, 10, 44. [CrossRef] [PubMed]

16. Prabuseenivasan, S.; Jayakumar, M.; Ignacimuthu, S. In Vitro Antibacterial Activity of Some Plant Essential Oils. BMC Comple-
ment. Altern. Med. 2006, 6, 39. [CrossRef]

17. Satrani, B.; Aberchane, M.; Farah, A.; Chaouch, A.; Talbi, M. Composition Chimique et Activité Antimicrobienne Des Huiles
Essentielles Extraites Par Hydrodistillation Fractionnée Du Bois de Cedrus atlantica Manetti. Acta Bot. Gallica 2006, 153, 97–104.
[CrossRef]

18. Jaouadi, I.; Cherrad, S.; Bouyahya, A.; Koursaoui, L.; Satrani, B.; Ghanmi, M.; Chaouch, A. Chemical Variability and Antioxidant
Activity of Cedrus atlantica Manetti Essential Oils Isolated from Wood Tar and Sawdust. Arab. J. Chem. 2021, 14, 103441.
[CrossRef]

19. Martins, D.F.; Emer, A.A.; Batisti, A.P.; Donatello, N.; Carlesso, M.G.; Mazzardo-Martins, L.; Venzke, D.; Micke, G.A.;
Pizzolatti, M.G.; Piovezan, A.P.; et al. Inhalation of Cedrus atlantica Essential Oil Alleviates Pain Behavior through Acti-
vation of Descending Pain Modulation Pathways in a Mouse Model of Postoperative Pain. J. Ethnopharmacol. 2015, 175, 30–38.
[CrossRef]

20. Belkacem, N.; Khettal, B.; Hudaib, M.; Bustanji, Y.; Abu-Irmaileh, B.; Amrine, C.S.M. Antioxidant, Antibacterial, and Cytotoxic
Activities of Cedrus atlantica Organic Extracts and Essential Oil. Eur. J. Integr. Med. 2021, 42, 101292. [CrossRef]

21. Hammer, K.A.; Carson, C.F.; Riley, T.V. Antimicrobial Activity of Essential Oils and Other Plant Extracts. J. Appl. Microbiol. 1999,
86, 985–990. [CrossRef] [PubMed]

22. Fidah, A.; Salhi, N.; Rahouti, M.; Kabouchi, B.; Ziani, M.; Aberchane, M.; Famiri, A. Natural Durability of Cedrus atlantica Wood
Related to the Bioactivity of Its Essential Oil against Wood Decaying Fungi. Maderas. Cienc. Tecnol. 2016, 18, 4. [CrossRef]

23. Aberchane, M.; Fechtal, M.; Chaouch, A. Analysis of Moroccan Atlas Cedarwood Oil ( Cedrus atlantica Manetti). J. Essent. Oil
Res. 2004, 16, 542–547. [CrossRef]

24. Jurado, J.; Ballesteros, O.; Alcazar, A.; Pablos, F.; Martin, M.; Vilchez, J.; Navalon, A. Characterization of Aniseed-Flavoured Spirit
Drinks by Headspace Solid-Phase Microextraction Gas Chromatography–Mass Spectrometry and Chemometrics. Talanta 2007, 72,
506–511. [CrossRef] [PubMed]

25. Amalraj, A.; Haponiuk, J.T.; Thomas, S.; Gopi, S. Preparation, Characterization and Antimicrobial Activity of Polyvinyl Alco-
hol/Gum Arabic/Chitosan Composite Films Incorporated with Black Pepper Essential Oil and Ginger Essential Oil. Int. J. Biol.
Macromol. 2020, 151, 366–375. [CrossRef] [PubMed]

26. Xin, H.-L.; Zhai, X.-F.; Zheng, X.; Zhang, L.; Wang, Y.-L.; Wang, Z. Anti-Inflammatory and Analgesic Activity of Total Flavone of
Cunninghamia lanceolata. Molecules 2012, 17, 8842–8850. [CrossRef]

27. Malmberg, A.B.; Bannon, A.W. Models of Nociception: Hot-Plate, Tail-Flick, and Formalin Tests in Rodents. In Current Protocols
in Neuroscience; Crawley, J.N., Gerfen, C.R., Rogawski, M.A., Sibley, D.R., Skolnick, P., Wray, S., Eds.; John Wiley & Sons, Inc.:
Hoboken, NJ, USA, 2001; p. ns0809s06, ISBN 978-0-471-14230-0.

28. Emer, A.A.; Donatello, N.N.; Batisti, A.P.; Oliveira Belmonte, L.A.; Santos, A.R.S.; Martins, D.F. The Role of the Endocannabinoid
System in the Antihyperalgesic Effect of Cedrus atlantica Essential Oil Inhalation in a Mouse Model of Postoperative Pain.
J. Ethnopharmacol. 2018, 210, 477–484. [CrossRef] [PubMed]

http://doi.org/10.1002/cbdv.201000094
http://www.ncbi.nlm.nih.gov/pubmed/21337506
http://doi.org/10.1016/j.phytochem.2017.09.017
http://doi.org/10.3390/plants11010015
http://www.ncbi.nlm.nih.gov/pubmed/35009019
http://doi.org/10.3390/plants10102068
http://www.ncbi.nlm.nih.gov/pubmed/34685879
http://doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://doi.org/10.3390/molecules26226780
http://doi.org/10.3390/plants10010044
http://www.ncbi.nlm.nih.gov/pubmed/33379197
http://doi.org/10.1186/1472-6882-6-39
http://doi.org/10.1080/12538078.2006.10515524
http://doi.org/10.1016/j.arabjc.2021.103441
http://doi.org/10.1016/j.jep.2015.08.048
http://doi.org/10.1016/j.eujim.2021.101292
http://doi.org/10.1046/j.1365-2672.1999.00780.x
http://www.ncbi.nlm.nih.gov/pubmed/10438227
http://doi.org/10.4067/S0718-221X2016005000049
http://doi.org/10.1080/10412905.2004.9698793
http://doi.org/10.1016/j.talanta.2006.11.008
http://www.ncbi.nlm.nih.gov/pubmed/19071647
http://doi.org/10.1016/j.ijbiomac.2020.02.176
http://www.ncbi.nlm.nih.gov/pubmed/32084477
http://doi.org/10.3390/molecules17088842
http://doi.org/10.1016/j.jep.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/28917977


Processes 2022, 10, 581 13 of 13

29. Mechchate, H.; Es-safi, I.; Conte, R.; Hano, C.; Amaghnouje, A.; Jawhari, F.Z.; Radouane, N.; Bencheikh, N.; Grafov, A.; Bousta, D.
In Vivo and In Vitro Antidiabetic and Anti-Inflammatory Properties of Flax (Linum usitatissimum L.) Seed Polyphenols. Nutrients
2021, 13, 2759. [CrossRef] [PubMed]

30. Lenfeld, J.; Motl, O.; Trka, A. Anti-Inflammatory Activity of Extracts from Conyza canadensis. Die Pharm. 1986, 41, 268–269.
31. Bhowmick, R.; Sarwar, M.S.; RahmanDewan, S.M.; Das, A.; Das, B.; NasirUddin, M.M.; Islam, M.S.; Islam, M.S. In Vivo Analgesic,

Antipyretic, and Anti-Inflammatory Potential in Swiss Albino Mice and in Vitro Thrombolytic Activity of Hydroalcoholic Extract
from Litsea glutinosa Leaves. Biol. Res. 2014, 47, 56. [CrossRef] [PubMed]

32. Traore, M.; Coulibaly, A.C.; Traore, K.T.; Boly, A.G.L.; Kabre, E.W.L.M.B.; Ouedraogo, N.; Kiendrebeogo, M.; Sawadogo, R.W.
Anti-Inflammatory and Analgesic Activities of the Methanolic Extract and the Residual Fraction of the Stem Bark of Daniellia
oliveri (Fabaceae). Annu. Res. Rev. Biol. 2021, 104–111. [CrossRef]

33. Hunskaar, S.; Berge, O.-G.; Hole, K. A Modified Hot-Plate Test Sensitivie to Mild Analgesics. Behav. Brain Res. 1986, 21, 101–108.
[CrossRef]

34. Guay, J.; Bateman, K.; Gordon, R.; Mancini, J.; Riendeau, D. Carrageenan-Induced Paw Edema in Rat Elicits a Predominant
Prostaglandin E2 (PGE2) Response in the Central Nervous System Associated with the Induction of Microsomal PGE2 Synthase-1.
J. Biol. Chem. 2004, 279, 24866–24872. [CrossRef]

35. John, N.A.A.; Shobana, G. Antiinflammatory Activity of of Talinum fruticosum l. On Formalin Induced Paw Edema in Albino
Rats. J. Appl. Pharm. Sci. 2012, 2, 123.

http://doi.org/10.3390/nu13082759
http://www.ncbi.nlm.nih.gov/pubmed/34444919
http://doi.org/10.1186/0717-6287-47-56
http://www.ncbi.nlm.nih.gov/pubmed/25418600
http://doi.org/10.9734/arrb/2021/v36i930430
http://doi.org/10.1016/0166-4328(86)90088-4
http://doi.org/10.1074/jbc.M403106200

	Introduction 
	Results and Discussion 
	Yield of Extraction 
	Phytochemical Analysis of the Essential Oil Analysis 
	Anti-Nociceptive Activity Study 
	Peripheral Anti-Nociceptive Activity Assay 
	Central Anti-Nociceptive Activity Assay: Hot Plate 

	Anti-Inflammatory Activity Study 
	Carrageenan-Induced Paw Edema Assay 
	Formalin Test 

	Acute Toxicity 

	Materials and Methods 
	Essential Oil Preparation 
	GC Analysis: Identification of Phytochemical Compounds 
	Anti-Nociceptive Activity Study 
	Peripheral Anti-Nociceptive Activity Assay 
	Central Anti-Nociceptive Activity Assay: Hot Plate 

	Anti-Inflammatory Activity Study 
	Carrageenan-Induced Paw Edema Assay 
	Formalin Test 

	Acute Toxicity 
	Statistical Analysis 

	Conclusions 
	References

