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establish the safe doses. Furthermore, the anti-Inflammatory activity was evaluated based on carra-
geenan and trauma induced rats paw edema and the antioxidant potential has been investigated using
different methods including DPPH radical-scavenging assay, Trolox equivalent antioxidant capacity
(TEAC) and Ferric-reducing antioxidant power assay (FRAP). The major identified compounds in GC/MS
analysis were bornyl acetate (26.81%), camphor (22.40%) and a-pinene (7.16%), with 25 other minor

ﬁezgiocﬁ;m constituents. No mortalities in acute toxicity were observed, indicating that the LDsg of T. articulata
Essential oil essential oil is highest than 5 g/kg. In the anti-inflammatory test based on chemical and mechanical
GC—MS analysis induced trauma, the EO demonstrated an effective reduce swelling by 64.71 + 9.38% and 69.09 + 6.02%
Toxicity respectively obtained 6 h after administration at the dose of 200 mg/kg when compared to the control
Anti-inflammatory activity groups. Moreover in the antioxidant testing battery, T. articulata essential oil showed a promising
Antioxidant potential scavenging effect measured by DPPH, TEAC and ferric-reducing power assays with ICsq values of
12.05 + 0.24 mg/mL, 8.90 + 0.17 mg/mL and 0.15 + 0.01 mg/mL respectively. These results suggest that,
the EO from the leaves of T. articulata constitutes a valuable source of anti-inflammatory and antioxidant
metabolites. These findings argue for the possible integration of this oil in pharmaceutical, cosmetic and

food industries.
Copyright © 2017, Center for Food and Biomolecules, National Taiwan University. Production and hosting
by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction the south-western Mediterranean region, mainly North Africa. It is

also considered as an important element of the Maghreb vegetation

Tetraclinis articulata L. (Cupressaceae), commonly known as (Morocco, Algeria and Tunisia) and amongst the most used aro-

Sandarac tree and Barbary Thuya, is a native herbaceous plant of matic and medicinal plants worldwide due basically to its rich
essential oils that impart many biological activities."?

In Morocco, T. articulata, popularly known as “Al'Araar” or

Abbreviations: T. articulata, Tetraclinis articulata; EO, Essential oil; GC/MS, Gas “Azouka” in Tachlhit, is one of the most popular herbs, used
chromatography/mass spectrometry; LDsp, lethal dose of 50%; DPPH, 2,2-diphenyl- extensively in folk medicine.? It is considered as an important
1-picrylhydrazyl radical-scavenging assay; TEAC, Trolox equivalent antioxidant flavoring agent, commonly used in the herbal tea, and very much
capacity; FRAP, Ferric-reducing antioxidant power; BHT, Butylatedhydroxytoluene; A * . T
ICs0, Concentration providing 50% inhibition; SD, Standard deviation. appreciated for its smell as well as for its anti-inflammatory

* Corresponding author. properties.* Moreover, the specie is administered for treatment of

E-mail addresses: meryem.jemli@um5s.net.ma (M. El Jemli), k.alaoui@um5s.net. severe diarrheas and gastric pains, as well as anti-diabetic tradi-

ma (K. Alaoui). tional therapy.”® In addition crushed leaves are used in poultices on
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neck pain, insolation and fever.” The honey from T. articulata is
greatly appreciated for its nutritional and medical aspects. More-
over, the cade oil made by destructive distillation of T. articulata
woods is used in medicine as a disinfectant, analgesic, and towards
different skin diseases like psoriasis and dandruff.*8 T. articulata
cade oil has been also used in cosmetics like soaps and shampoo,
both for its disinfectant properties and as a perfume.’

Among several T. articulata extracts that may be useful as
bioactive natural plant products, essential oil was reported to
possess potent antibacterial,' !> antifungal'*"> and antioxidant
activities,'®!” mediated by the major monoterpene component o-
pinene, limonene, camphor, borneol and bornyl acetate.'’®?' The
high monoterpenes content was also described as being respon-
sible for antitumor activity of T. articulata essential o0il.>*?> Despite
the interesting findings across data literature, it seems of interest to
explore the in vivo relevant activity of T. articulata essential oil,
since many factors can influence its metabolites bioavailability.
These study outcomes bring evidence about T. articulata safety in
oral treatments, and consolidate the traditionally observed anti-
inflammatory effect. The antioxidant effect combined with safe
high doses from this oil constitutes an interesting value in food
additives, therapies or cosmetics.

2. Material and methods
2.1. Plant materials

The aerial parts of T. articulata were collected from the natural
population located in the Marrakech region, Ait Aissi lhahane
(30°91" N et 09°43’ W) on February 2014. In fact, it has been re-
ported by many gatherers and traditional specialists that the great
part of Arar traded in medicinal plant markets were collected from
this region. The identification was done by Pr Fennane and
vouchers specimens were deposited at the herbarium of Scientific
Institute of Rabat, Morocco and referred as 79589. The leaves were
separated, dried at room temperature and used for the extraction of
the EO.

2.2. Animals

Female Swiss mice (18—35 g) and male Wistar rats (200—230 g)
were used in the experiments. The animals were bred in the animal
center at the Faculty of Medicine and Pharmacy, University
Mohammed V in Rabat. All animals were housed in collective cages
in temperature-controlled (23 °C + 2 °C) and artificially lighted
rooms on a 12-h light/12-h dark cycle with free access to water and
standard diet.

2.3. Ethics approval

The study was conducted in accordance with the accepted
principles outlined in the “Guide for the Care and Use of Laboratory
Animals” prepared by the National Academy of Sciences and pub-
lished by the National Institutes of Health and all efforts were made
to minimize animal suffering and the number of animals used.
Ethics approval was obtained from the University Mohammed V in
Rabat.

2.4. Essential oil extraction

Essential oil was hydrodistilled using a Clevenger-type appa-
ratus for 4 h until total recovery of oil. The extraction of the EO was
performed three times (3 x 200 g) and oil was stored in dark glass
vials at 2—3 °C prior to analysis and bioactivity experiments. The

yield of the essential oil (%) was calculated using the following
formula (EO stands for essential oil):

EO (g) % 100

Yield % = plnt Material (g)

2.5. Chemical analysis of EO

Gas chromatography/mass spectrometry (GC/MS) analysis was
performed using a gas chromatograph (TRACE GC Ultra) fitted to a
mass spectrometer (Polaris Q-lon Trap MS). Fragmentation was
performed by electron impact at 70 ev. The column used was a VB-5
(Methylpolysiloxane 5% phenyl) (30 m x 0.25 mm, film thickness
0.25 um). The injection mode was split (1:50). The carrier gas was
helium at a flow rate of 1.4 mL/min and the temperature program
ramp from 40 to 300 °C with gradient of 4 °C/min (holding the
initial and final temperature for 4 min). The identification of the
individual constituents was based on comparison of their mass
spectra with spectra and Kovats retention indices of authentic
reference compounds stored in the NIST 98th edition library of
mass spectral data. The individual components were also identified
by their identical retention indices referring to the compounds
known from the literature data.’*

2.6. Acute oral toxicity

Acute toxicity study was carried out using the OECD (Organisation
for Economic Co-operation and Development) — Guidelines 423.2°

Healthy female Swiss mice (generally slightly more sensitive®®)
fasted 4 h before the experiments with water ad libitum. Animals
were randomly divided into three groups (n = 3). The first group
(control group) received orally corn oil (vehicle control). The sec-
ond and third groups were treated with T. articulata essential oil at
the doses of 2 and 5 g/kg respectively.

Animals were observed for their general behavioral symptoms,
body weight changes, hazardous symptoms and mortality during
the first 6 h and subsequently for the next two weeks after
administration of T. articulata essential oil. The lethal dose of 50%
(LDsp) was estimated according to the method described by OECD
Guidelines 423.%7

2.7. Anti-inflammatory activity

In order to evaluate the anti-inflammatory activity of
T. articulata essential oil in paw edema of rats, two experimental
trials using different stimulus were used in this study (chemical
and mechanical stimuli).?%>°

For each experimental protocol, 24 male Wistar rats were used
and divided into different groups (n = 6). All animals were fasted
18 h before the test. The control group received (5 mL/kg of distilled
water), the standard group received the reference drug (Indometh-
acin 10 mg/kg and 20 mg/kg), and the test groups received different
concentration of T. articulata essential oil (100 and 300 mg/kg).

The right hind paw is not treated, and it is taken as a control. The
percentages of inhibition in our anti-inflammatory tests were ob-
tained for each group using the following ratio (formula):

% inhibition <Vleft — Vright) Control — (Vleft — Vright)Treated
o INNID1L1 =

(Vleft - Vright> Control
x 100
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where Veft is the average volume of edema on the left hind paw and
Viignt is the average volume obtained for the right hind paw.

2.7.1. Carrageenan induced rat paw edema assay

Carrageenan-induced paw inflammation in rats was produced
according to the method described previously.”® One hour after the
oral administration of the EO (200 and 400 mg/kg), or the reference
drug (Indomethacin, 10 mg/kg), the carrageenan solution (0.05 mL
of 1% carrageenan suspended in 0.9% NaCl) was subcutaneously
injected into the plantar surface of the left hind paw. The paw
volumes of the animals were measured using a plethysmometer
LE7500 (Ugo Basile — Italy) at several time-points; at 1 h 30 min, 3 h
and 6 h after carrageenan administration.

2.7.2. Trauma induced rat paw edema assay

The effect of T. articulata oil on paw edema induced by trauma
was evaluated according to the method described by Rieesterer and
Jacques.?® One hour after oral administration of different sub-
stances dropping a weight of 50 g onto the dorsum of the left hind
paw of all animals. The difference volume of two paws was also
measured and taken as the edema value by using a digital ple-
thysmometer at 1 h 30 min, 3 h and 6 h after induction of
inflammation.

2.8. Antioxidant activity

Antioxidant activity is a complex process usually happening
through several mechanisms. Because of its complexity, the
determination of plant extracts antioxidant activity must be done
by more than one test.*” In the present study, three complementary
methods were used to assess the antioxidant capacity of
T. articulata essential oil: DPPH free radical scavenging, ABTS free
radical scavenging and ferric-reducing power assays.

2.8.1. DPPH free radical-scavenging activity

The ability of T. articulata oil to scavenge the DPPH radical was
determined according to the method described by Sahin et al.*!
Fifty microliters of various concentrations of the samples dis-
solved in methanol (EO and positive control) were added to 2 mL of
a 60 uM of methanol solution of DPPH. The absorbance was
recorded at 517 nm after 20 min in the dark at room temperature in
the dark. Methanol was used as a blank, while methanol with DPPH
solution was used as a negative control. Butylatedhydroxytoluene
(BHT) and quercetin were used as positive controls. The percentage
inhibition of the DPPH radical by the samples was calculated ac-
cording to the formula:

A0 — At
— X

A0 100

% inhibition =
where AO is the absorbance of the blank sample, and At is the
absorbance of the test sample. The sample concentration providing
50% inhibition (IC5p) was calculated by plotting the inhibition
percentages against the concentrations of the sample. The test was
carried out in triplicate and ICsg values were expressed as mean
values + standard deviation (SD).

2.8.2. Trolox equivalent antioxidant capacity (TEAC) assay

The ABTS free radical-scavenging activity of T. articulata oils was
estimated using the method described by Pukalskas et al.>’> The
ABTS radical cation was produced by reacting ABTS with potassium
persulfate. The blue-green ABTS was produced through the reac-
tion between 7 mM ABTS and 70 mM potassium persulfate in water.
The mixture was stored at room temperature in the dark for 16 h
prior use. The ABTS solution was then diluted with 80% methanol to

obtain an absorbance of 0.700 + 0.005 at 734 nm. One hundred
microliters of appropriately diluted oil were added to 2 mL of ABTS
solution and the absorbance was recorded at 734 nm after 1 min
incubation at room temperature. This was compared to the blank
where 100 pL of the methanol was added to 2 mL of ABTS solution.
A standard curve was obtained by using Trolox standard solution at
various concentrations (ranging from 0 to 0.24 pg/mL). The scav-
enging activity of different concentrations of extracts and fractions
against ABTS*" radical were also measured to calculate the ICsg, and
the procedure was similar to the DPPH scavenging method
described above. The test was carried out in triplicate and ICsg
values were reported as means =+ SD.

2.8.3. Reducing power determination

The ferric-reducing capacity of T. articulata oils was investigated
by using the potassium ferricyanide-ferric chloride method.?
Briefly, 0.2 mL of oils and positive control at different concentra-
tions, 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of
potassium ferricyanide KzFe(CN)g (1%) were mixed and incubated
at 50 °C for 20 min, to reduce ferricyanide into ferrocyanide. A
portion (2.5 mL) of trichloroacetic acid (10%) was added to the
mixture, which was then centrifuged at 1000 rpm for 10 min.
Finally, 2.5 mL of the upper layer was mixed with 2.5 mL of distilled
water and 0.5 mL of FeCl3 (0.1%) and the absorbance was measured
at 700 nm. The sample concentration providing 0.5 of absorbance
(ICs50) was calculated by plotting absorbance against the corre-
sponding sample concentration. BHT and Quercetin were used as
reference compounds. The test was carried out in triplicate and ICsg
values were reported as means =+ SD.

2.9. Statistical analysis

Data were expressed as the mean values + standard deviation
(SD) for each measurement. The data were also analyzed by one-
way analysis of variance (one-way ANOVA). Post Hoc procedure
was used for significance of difference (p < 0.05). Analysis was
performed with Graph pad prism 6.0.

3. Results and discussion
3.1. Chemical constituents of EO

The hydro-distillation of the leaves of T. articulata gave light
yellow oil with a yield of 2.68 + 0.06% based on dry weight. This
essential oil content is higher than those reported by Djouahri et al.,
(2013)" (0.56%) and Larabi et al., (2015)** (0.11%) from Algeria.

The GC—MS analysis resulted in the identification of 26 con-
stituents, representing more than 95.0% of the total oil and
comprising three classes: oxygenated monoterpenes (74.82%),
monoterpene hydrocarbons (19.13%) and oxygenated sesquiter-
penes (0.38%) (Table 1).

As shown in Table 1, bornyl acetate (20.81%), camphor (22.40%)
and a-pinene (7.16%) were the major constituents. The chemical
analysis of the leaves of T. articulata showed similarities in the
identified compounds with the algerian variety,'”>43> however
different proportions were registered. Additionally, our results are
in agreement with previous work of Bourkhiss et al., (2010),'° who
found comparable concentrations of bornyl acetate
(25.00—33.00%), camphor (15.10—22.20%) and a-pinene
(15.2—18.5%), in Moroccan T. articulata harvested in the region of
Khemisset at different seasons. Also, a study of Barrero et al.,
(2005)'® upon T. articulata from the region of Tetouan (Morocco)
has reported the predominant presence of bornyl acetate (16.50%)
and camphor (19.10%). Interestingly, Aitigri (1990)*' and Zrira et al.
(2005)' reported a rich content of carvacrol, cedrene and cedrol
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with low concentrations of bornyl acetate, camphor and o-pinene
in T articulata harvested in the region of Rabat and Aoulouz
(Morocco). Moreover, it was noticed that our results are quite
different from those reported in Tunisia, which contained car-
yophyllene oxide 4.24% and high amount of a-pinene 24.90% and
linalool acetate 21.44%, with absence of bornyl acetate and
camphor®,

Differences in essential oils composition results from various
parameters and conditions such as the geographic allocation, the
environmental conditions, the genetic factors and the time at
which the plant was collected.>”8

3.2. Acute oral toxicity

T. articulata is one of the most widely used herbal medicine in
Morocco. Despite the interesting properties of the essential oil from
T. articulata, frequently used alone, its safety has not been previously
reported.*>? In this study, the acute toxicity of EO was conducted for
evaluating the safety of EO at different doses (2 and 5 g/kg).

The acute effects of T. articulata essential oil after oral admin-
istration to mouse are reported in Table 2. When compared to the
control group, different signs of convulsions, ptosis and reduced
motor activity were observed following the administration of the
EO at 5 g/kg (Table 2). Those toxicity manifestations can be
explained by lipid solubility of EO monoterpenes, easily reaching
the nervous system.*>*! Many works*? have reported neurotoxic
effect of EO compounds at very low doses. For instance, LDsg of
thujone is 0.2 g/kg and the content from this element in our sam-
ples is 0.49%. Nevertheless, most of EO constituents such as
camphor, bornyl acetate, borneol and «-pinene are safe (LDsg > 2 g/
kg). It has been reported that medicinal plants rich in bornyl acetate
and borneol e.g. valerian (Valeriana officinalis), chamomile

Table 1

Chemical composition of essential oils obtained from leaves of the T. articulata.
Name of the compounds  Formula RI Area (%)
Tricyclene CyioH16 920 233
o-Pinene CioHi16 931 7.16
Camphene CioH16 945 2.73
Verbenene CioH14 960 0.49
Sabinene CioH16 968 0.24
B-Pinene CioH16 973 0.57
p-Cymene CioH14 1019 145
Limonene CioH16 1030 3.82
y-Terpinene CioH16 1053 0.34
Sabinene hydrate C10H180 1067 0.33
cis-Thujone C10H160 1100 0.49
a-Campholenal Cy0H160 1126 1.71
Camphor C10H160 1140 22.40
Camphene hydrate C10H180 1144 2.08
Pinocarvone CioH140 1160 0.49
Borneol Ci0H180 1164 6.40
Terpinen-4-ol C10H180 1173 1.69
p-Cymen-8-ol C10H140 1178 1.40
Myrtenol Cy0H160 1193 2.34
Verbenone C10H140 1203 3.78
trans-Carveol C1oH160 1214 212
cis-Carveol C1oH160 1225 0.35
Carvone C10H140 1238 1.54
Bornyl acetate Ci2Hp00, 1286 26.81
a-Terpinenyl acetate C12H2002 1346 0.89
Cubenol Cy5H260 1514 0.38
Classes Identified compound  Percentage %
Monoterpene hydrocarbons 9 19.13%
Oxygenated monoterpenes 16 74.82%
Sesquiterpenes hydrocarbons 0 0%
Oxygenated sesquiterpenes 1 0.38%
Total identified (%) 26 94.33%

(Matricaria chamomilla) and lavender (Lavandula officinalis) tradi-
tionally used to relieve anxiety, restlessness and insomnia, are
characterized by a low acute toxicity and highly sedative effect.
Furthermore, consumption of this kind of EO reduced the motor
activity in animal and human experiments.*>*4 Similarly, a-pinene
has been shown to have a low acute oral toxicity in the rat with LDsq
of 3.7 g/kg. However high doses can generate central nervous
system depression and respiratory failure in rats.*>

It is known that the changes in body weight (Fig. 1) are sensitive
indicators for the detection of adverse effects of drugs and chem-
icals.*®#” Since there was no visible changes in the general behavior
and body weight of animals in the treated group with dose of 2 g/kg
as compared to the control group after EO administration for 15
days; it could be concluded that oral administration of T. articulata
EO had no effect on the growth and functions of mouses at this
concentration. However, the group treated with 5 g/kg showed less
activities and induced significant decrease in the final body weight
compared to the control group. Those observations were highly
detected during the first 5 days after administration, which is
probably the result of the disturbances in the central nervous sys-
tem functions (see Fig. 1 and Table 2).

In the other hand, the administration of EO at different doses (2
and 5 g/kg) did not produce any mortality. Thus, T. articulata EO falls
in Class 5 (a substance with LDsg higher than 5000 mg/kg), hence
the EO can be considered with low toxicity.?> Similar results were
found by Teke et al., (2013),*® who did not observe any mortality
after administration of the EO from Cupressus lusitanica an other
member of the Cupressaceae family.

3.3. Anti-inflammatory activity

The inflammatory response is a multi-mediated phenomenon.
During the progression of edema there is a release of some medi-
ators produced from arachidonic acid metabolism through cyclo-
oxygenase activity.>>4?=>! The first phase of inflammation, which
lasts up to 2 h, involves the participation of histamine, serotonin,
and bradykinin; while the second phase, that is from 3 to 4 h, is
mainly sustained by prostaglandins, cytokines and nitric oxide
release.”” >°

In this study, as shown in Table 3, Figs. 2 and 3, the injection of
carrageenan into the sub-plantar tissue and mechanical trauma of
the right hind paw of rats in the control groups caused edema
development, which peaked (0.57 + 0.01 and 0.71 + 0.02 mL in paw
volume respectively) 3 h after the experimental induced paw
edema. This result confirms that experimental trauma and carra-
geenan injection into the rat paw provokes a local and acute in-
flammatory reaction.”®

The effect of EO on carrageenan induced rat paw edema
(Table 3) was dose-dependent from the first hour and 3 h after
carrageenan injection with a peak effect (68.42 % inhibition) pro-
duced at 200 mg/kg. This effect was not statistically different
(p < 0.05) from that produced by 10 mg/kg of indomethacin (72.63
% inhibition) (Table 3). The effect of the essential oil on experi-
mental trauma induced rat paw edema was also time and dose
dependent (Table 3) with a peak effect (84.51% inhibition after 3 h)
produced at 200 mg/kg. Similarly this effect was comparable to that
produced by 20 mg/kg of indomethacin (84.08 % inhibition) with no
statistical differences (p < 0.05).

Considering that the production of arachidonic acid metabo-
lites is the main factor responsible for both the first and the sec-
ond phase of the inflammatory response, our results suggest that
the anti-inflammatory effect of the T. articulata essential oil could
be related to the inhibition of the release or synthesis of cyclo-
oxygenase products. This might be attributed to its oxygenated
monoterpenes (bornyl acetate, camphor and borneol) and
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Table 2

Acute effects of T. articulata essential oil after oral administration to Swiss mice (n = 6 female per group).

Toxic signs Control EO (2000 mg/kg) % EO (5000 mg/kg) %
Reduction of locomotor activity 0 33.33 100
Occurrence interval (h) — 0-1 0—6
Ptosis 0 0 100
Occurrence interval (h) - - 0-4
Tremors 0 3333 100
Occurrence interval (h) — 0-1 0—4
Increased respiration rate 0 3333 100
Occurrence interval (h) — 0-1 0-2
Salivation 0 66.66 66.66
- 0-2 0-5

Occurrence interval (h)

%: The percentage refers to the proportion of animals in the group that expressed the respective signals at some point during the observational period (up to 6 h).

35- * *
ok -+ Control

-= EO5000
-e- E02000

T T 11 T T T T T
234567 8 9101112131415

-

Days

Fig. 1. Effect of acute oral toxicity of T. articulata essential oil on body weight changes
of female mouses during the 14 days. All data are mean + SD for 3 mouse/group. The
(*) indicate significant differences at p < 0.05, while ** is for p < 0.001. *: diferences
between EO5000 and control, and *: differences between E2000 and E5000.

80
=¥ Control
60 —=— Ind10
© -= EO0200
E -~ EO100
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Fig. 2. Effects of essential oil of T. articulata on carrageenan induced rat paw edema.
Each value represents the mean + SEM (n = 6) p < 0.001, statistically significant
relative to control at 3 h.

monoterpene hydrocarbons (a-pinene, camphene and iso-
limonene), which possess strong anti-inflammatory
activities.”’ 0 It was demonstrated, that bornyl acetate, the
main ingredient of Amomum villosum volatile oil, has been shown
to possess anti-inflammatory activity as it was able to suppress ear
swelling caused by dimethylbenzene.®! Moreover, borneol is able
to exert inhibitory effects on the release of histamine from
abdominal mast cells by 40.4%.5% It is also known that a-pinene
presents important anti-inflammatory effects.>® Other mono-
terpenes as cis-verbenol, y-terpinene and terpineol have been
reported to possess anti-inflammatory activity in the animal
models by TNFa inhibition and IL-2 production (intercellular

Table 3
Percentage of inhibition of induced inflammation by T. articulata essential oil.

Percentage of inhibition of induced
inflammation

1 h 30 min 3h 6h

Treatments

Carrageenan induced inflammation

Indomethacin (10 mg/kg) 66.83 72.63 62.37
EO (100 mg/kg) 45.26 + 6.42 64.91 + 4.96 60.90 + 7.36
EO (200 mg/kg) 5043 + 9.17 68.42 + 8.00 64.71 + 9.38
Trauma induced inflammation
Indomethacin (20 mg/kg) 86.89 84.08 75.45
EO (100 mg/kg) 50.18 + 7.61 69.01 + 4.18 48.79 + 6.37
EO (200 mg/kg) 77.45 + 6.57 84.51 + 5.70 69.09 + 6.02
Each value represents the mean + SD (n = 6).
80+
-+ Control
60 —— Ind20
o -= E0200
E 1 [ = Eotoo
T 40+ I
w
X
204
0 T T T
1h30 3h 6h
Time

Fig. 3. Effect of essential oil of T. articulata on experimental trauma-induced rat paw
edema. Each value represents the mean + SEM (n = 6) p < 0.001, statistically signifi-
cant relative to control at 3 h.

chemical messengers, produced by macrophages and involved in
the inflammatory process).%>

Similar results were found by Djouahri et al. (2014)'° and
Djouahri et al. (2013)", which revealed that Algerian T. articulata
essential oil had an excellent inflammatory activity using the Lip-
oxygenase inhibition and Xanthine oxidase inhibition assays.

The inflammatory response is also related to the neutrophil
infiltration and production of the reactive free radical species
derived from them, indicating that the T. articulata essential oil
tested may exert its anti-inflammatory activity, at least partly,
through the inhibition of neutrophil infiltration as well as the free
radical scavenging. It has been shown that some of the anti-
inflammatory agents including a terpenic compound of plant
origin, exert their effect on inflammation through the inhibition of
free radical generation by the activated neutrophils.* Taking into
consideration the above mentioned implication of antioxidants in
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Table 4
ICs0 values (ug/mL) of T. articulata essential oil and of BHT, Quercetin and Trolox.

Assays T. articulata EO Positive control

BHT Quercetin Trolox
DPPH 12.05x10° + 0.24 4.20 + 0.02 1.29 + 0.01 —
ABTS 8.90x10° + 0.17 — — 1.93 + 0.05
FRAP 0.15x10° +0 01 7.02 + 0.02 2.06 + 0.01 -

Values represent means + SD (standard deviations) for triplicate experiments.

anti-inflammatory process, it is suggested that the anti-
inflammatory effect of the T. articulata leaves essential oil can be
ameliorated and consolidated by its antioxidant activity.

3.4. Antioxidant activity

The antioxidant activity of Moroccan T. articulata essential oil was
assessed by three complementary in vitro antioxidant assays
(Table 4): i) the FRAP assay that estimates the ferric-reducing capacity
of our extract. ii) the DPPH test and iii) TEAC assay, evaluating the H-
donating or radical-scavenging ability of the oil using the stable
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ABTS radical
cation, respectively. The concentrations providing 50% inhibition
(ICs0) are listed in Table 4. As summarized in Table 4, a high ferric
reductive capacity was obtained with the oil from Moroccan
T. articulata (ICsp = 0.15x10° + 0.01 pg/mL), but it's still lower
compared to the positive controls namely the flavonol quercetin
(IC50 = 2.06 + 0.01 pg/mL) and synthetic BHT (IC5¢ = 7.02 + 0.02 pg/
mL). In the DPPH assay, the oil present ICso with 12.05.10° + 0.24 pg/
mL which means low activity compared to Quercetin
(IC50 = 1.29 + 0.01 pg/mL) and BHT (ICs¢p = 4.20 + 0.02 pg/mL).
Similarly, in ABTS test ICsq of the EO is 8.90.10° + 0.17 pg/mL, the
synthetics antioxidant Trolox, as references showed higher activity
(ICsp =193 + 0.00 pg/mL).

The antioxidant potential of the T. articulata EO might be
explained partly by its high content of bornyl acetate, camphor and
a-pinene. The antioxidant activities of this monoterpenes have
been previously reported® and have been demonstrated to be
higher than that of camphene and camphor,®® however their
antioxidant activity is less important than that of carvacrol and
thymol which are absent in our plant extract®®®".

4. Conclusions

The essential oil tested in the present work exhibited a
considerable antioxidant and anti-inflammatory activities, with
low toxicity, since the oral route at dose of 5.0 g/kg did not caused
lethality in mouses during 15 days of observation. Those results
indicate the promising pharmaceutical potential of T. articulata.
Accordingly, the pharmacological actions of T. articulata in popular
medicine practices may be related to the presence of bornyl ace-
tate, camphor and a-pinene as major component in the essential
oil.
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