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Article Info Abstract
@ This investigation aimed to explore the antioxidant, anti-inflammatory effects of Cade oil and its efficacy wit-
hin a Wistar allergic asthma model. The antioxidant activity was assessed through various in vitro tests using

chain-breaking antioxidant effects (radical scavenging and reducing abilities assays). In vivo experiments

involved Wistar rats categorized into four groups: negative control group, Ovalbumin-sensitised/challenged
group, Cade oil-treated group, and Ovalbumin-sensitised/challenged Cade oil-treated group. These experi-
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Received: December 21, 2023 ments aimed to evaluate oxidative stress parameters in the lungs and erythrocytes. The results indicated that
Accepted: April 02, 2024 the Cade oil exhibited significant antioxidant capabilities, evidenced by its radical scavenging activity against
Published: July 31, 2024 DPPH, ABTS, and Galvinoxyl radicals, with IC_, values ranging from 21.92 to 24.44 pg/mL. Besides, the

reducing abilities methods showed A0,5 value ranging from 11.51 to 30.40 pg/mL for reducing power, Cupric
ion reducing antioxidant capacity, and O-phenanthroline assays. Additionally, the IC,  value for B-carotene
scavenging was found to be (8.2 + 0.25 pg/ml). Analysis revealed high levels of polyphenols and flavonoids in
Cade oil, indicating rich polyphenol (275.21 + 3.14 mg GAE/g DW) and flavonoid (28.23 = 1.91 pg QE/mg)
content. In vivo findings highlighted Cade oil's efficacy in reducing inflammatory cell recruitment, enhancing
antioxidant status, reducing lipid peroxidation, and improving histopathological alterations within the allergic
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asthma model. These results demonstrated that Cade oil has a potent antioxidant, anti-inflammatory, and anti-
asthmatic properties, suggesting its potential therapeutic application in asthma treatment.

Keywords: Allergic asthma model, Antioxidant activity, Cade oil, Juniperus oxycedrus, Lung inflammation,
Oxidative stress.

1. Introduction exposure to environmental and endogenous antioxidants,
Asthma is a complex, heterogeneous condition affec- are particularly vulnerable to oxidative damage, contri-
ting the conducting respiratory tract, characterized by buting to an imbalance arises between the generation and
chronic inflammation, reversible airflow blockage, heigh- accumulation of reactive species (ROS/RNS) and the an-
tened bronchial hyper-responsiveness and oxidative stress  tioxidant defence systems [4]. This imbalance intensifies
[1, 2]. Despite advances in effective treatment during the the inflammatory process, highlighting the need for treat-
last decades, asthma currently affects around 0.3 billion ments that can effectively modulate these responses with
people worldwide, incurring a heavy burden on public minimal side effects [5].
health, as noted by the World Health Organization [3]. Natural compounds, including flavonoids and polyphe-
Recent studies have emphasized the significant role of oxi- nols, have shown promise in asthma treatment due to
dative stress in exacerbating asthma symptoms, including their antioxidant and immunomodulatory properties [5].
airway inflammation, decreasing lung function, and tis- Among these, Juniperus oxycedrus L. known locally as
sue damage. Chronic inflammation in the respiratory tract (Tagga) and found in the Mediterranean region, including
is recognized as the fundamental pathological feature of parts of Algeria [6], is reported to possess numerous biolo-
asthma, exacerbated by an increase in oxidative stress-in-  gical activities, essentially antioxidant [6] and anti-inflam-
duced inflammatory mediators [2]. The lungs, due to their ~matory properties [7]. Cade oil, sesquiterpene oil derived
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from the destruction distillation of Juniperus oxycedrus
branches and wood, has been traditionally exploited in
Turkish folk medicine to treat various ailments, including
asthma, cold, cough, rheumatism and skin conditions [8].

However, despite the several known benefits, many
studies described in the literature reported the adverse ef-
fects and incidents of poisoning arising from the randomly
excessive consumption of Cade oil [9]. These incidents
highlight the importance of a balanced approach, based on
rigorous scientific evidence, to validate the traditional uses
of Cade oil [9]. Although many traditional medicines exhi-
bit inherent toxicity, they are considered safe when used in
controlled dosages [10].

The main focus of this study is to examine the in vitro
antioxidant activity and in vivo antioxidant, anti-inflam-
matory and anti-asthmatic effects of Cade oil in a Wistar
rat model of allergic respiratory disorder by Cade oil ad-
ministration.

2. Materials and methods
2.1 Plant material

The traditional production of Cade oil is based on a
direct steam distillation of the woods and branches of
Juniperus oxycedrus, collected from the Eastern Mediter-
ranean coast of Algeria and marketed by local herbalists.

2.2 Chemicals

All chemicals and reagents used in the in vitro expe-
riments were purchased from both Sigma Chemicals Co
and Biochem Chemopharma. Chicken egg albumin (Ova-
Ibumin, OA, grade II), Bovine serum albumin (BSA) and
each chemical utilised in the in vivo study were purchased
from Sigma Chemical Co (St. Louis, Mo).

2.3 Determination of total bioactive content
2.3.1 Determination of the total phenolic content (TPC)
Spectrophotometric analysis was carried out using the
Folin-Ciocalteu reagent, according to a modified proce-
dure by Singleton and Rossi [11].The absorbance against a
blank was measured at 765nm. The total phenolic content
was expressed as micrograms of gallic acid equivalents
per milligrams of extract (ug GAE/mg).

2.3.2 Determination of the total flavonoid content (TFC)

A modified method based on the procedure descri-
bed by Topgu et al. [12] was employed. The absorbance
was measured at 415nm. The total flavonoid content was
expressed as micrograms quercetin equivalents per milli-
gram of extract (ug QE/mg).

2.4 In vitro antioxidant activity determination
2.4.1 Free Radical Scavenger Activity by DPPH

The capacity of Cade oil to inhibit the free radical
DPPH (2,2-diphenyl-1- picrylhydrazyl) was determined
using the method reported by Meziant et al. [13]. The
results were compared to reference antioxidant standards
(BHA and BHT and Ascorbic acid). The findings were pre-
sented regarding the concentration required for 50% inhi-
bition (IC50), expressed in pg/mL.

2.4.2 ABTS scavenging activity

The ABTS+ radical cation decolourisation assay was
employed to carry out the ABTS scavenging activity, ac-
cording to the method described by Meziant et al. [13].

2.4.3 f-carotene bleaching inhibition

The B-carotene/linoleic acid assay was assessed fol-
lowing the protocol described by Lekouaghet et al. [14].
and the results were given as 50% inhibition concentration

(IC,,) (ng/mL).

2.4.4 Reducing power assay

The ferric-reducing power was assessed according to
Meziant et al. [13]. The results were presented as A
(0.50 absorbance), indicating the concentration level re-
quired to achieve an absorbance of 0.5.

2.4.5 Phenanthroline assay

Phenanthroline antioxidant activity was performed in
a 96-well microplate following the method detailed by
Bakhouche et al. [15]. The absorbance of the resulting
solution was determined at 510 nm, with BHT and BHT
utilised as standards.

2.4.6 Cupric reducing antioxidant capacity (CUPRAC)

The evaluation of the reducing antioxidant capacity
was assessed by the (CUPRAC) assay following the
method described by Lekouaghet et al. [14]. Results were
expressed as A .. BHA, BHT and Ascorbic acid were used
as antioxidant standards.

2.4.7 Galvinoxyl free radicals scavenging assay (GOR)

The extract impact on the Galvinoxyl free radicals was
estimated according to Bakhouche et al. [15]. The absor-
bance was measured at 428 nm. Galvinoxyl solution in
methanol was used as a control, while BHA and BHT ser-
ved as standards in this study. The results were represented
as EC,, (ug/mL), indicating the concentration at which
50% absorbance intensity was observed.

2.5 Determination of the in vivo antioxidant activity
2.5.1 Animals

Twenty-four male Wistar rats weighing between (240
and 250g) were utilised. The rats were obtained from the
Pasteur Institute of Algiers (Algiers, Algeria) and provided
unrestricted access to water and the standard feed supplied
by the ONAB of Bejaia (Algeria) throughout the experi-
ment. The animals were housed under natural photoperiod
conditions, with an average temperature maintained at 21-
25°C.

The methodologies applied in this study received ap-
proval from the Ethical Committee of the Directorate Ge-
neral for Scientific Research and Technological Develop-
ment, which operates under the auspices of the Algerian
Ministry of Higher Education and Scientific Research.
This endorsement was formalised with the issuance of
license number PNR/SF 08/2012, ensuring adherence to
ethical standards in the research process.

2.5.2 Experimental group design

Twenty-four rats were divided into four groups, with
six in each group. The control group (CTL), which re-
ceived no treatment, was considered as a negative control
group. Rats challenged and sensitised with Ovalbumin are
included in the asthma group (OVA), which is regarded as
the positive control. The treated Group with Cade oil (CO)
received oral administration of Cade oil (1mL/kg) for 10
days following the experimental protocol. Asthma treated
Group (OVA+CO) corresponding to Ovalbumin-challen-
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ged rats, treated for 10 days with Cade oil (1 mL/kg).

2.5.3 Sensitisation and airway challenge

In the OVA and OVA+CO groups, sensitisation was
performed on days 0 and 14 by intraperitoneal injections
of Ovalbumin (Ovalbumin, OA, grade II) (1 mg/mL)
along with alum (1 mg/mL in saline solution) as an ad-
juvant. Subsequently, on the 21st, 22nd, and 23rd days,
the rats in these groups were subjected to a 30-minute
OVA inhalation challenge (5 mg/mL) using an OMRON
nebuliser (NE-C29-E). On the other hand, the CTL and
CO groups were injected and challenged with saline on
the same dates. The methodologies described by Moura
et al. [16] and Yang et al. [17] were adopted. The samples
collected for analysis were namely lung tissue, blood and
bronchoalveolar fluid samples.

2.5.4 Samples preparation

Animals were sacrificed twenty-four hours following
the final aerosol challenge, by cervical decapitation. The
Blood samples were collected in plain vials and heparin
tubes to obtain serum and plasma, respectively. Blood
samples in plain vials were centrifuged (3000 rpm for 15
minutes at 4°C) and then preserved at -20°C. The erythro-
cytes in the blood sediment were centrifuged after being
twice suspended in PBS (pH 7.4), first at 3000 g for 15
minutes at 4°C and then at 4000 g for 30 minutes. Then,
the erythrocyte solution was collected in Eppendorf tubes
and stored at 20°C. The trachea of each rat was cannula-
ted, and the lungs of each rat underwent three successive
lavages with PBS (2mL). This lavage fluid was centrifu-
ged at 4000 x g for 10 min. Eppendorf tubes containing
Broncho Alveolar Lavage Fluid (BALF) were stored at
—20 °C. The cell pellet was vortexed and suspended in
500 pL of PBS for cell counting using an improved Neu-
bauer hemocytometer (Full Automatic Blood Cell Coun-
ter MODEL PCE-210N). Afterwards, Lung tissues were
promptly extracted, rinsed with a 0.9% saline solution, and
then weighed after carefully removing adjacent connective
tissues. Approximately 1g of the lung was homogenised in
a 2:1 volume of PBS (Tris 50mM, NaCl 150mM, pH 7.4)
under an ice-cold condition. After centrifugation at 3000
x g for 35 minutes at 4°C, the resulting supernatants were
conserved at -20°C.

2.5.5 Lipid peroxidation levels measurement

Lipid peroxidation levels in both lungs and erythro-
cytes were evaluated using Malondialdehyde (MDA) as a
biomarker. MDA, a final product of lipid peroxidation, in-
teracted with thiobarbituric acid (TBA) to form a red com-
plex known as TBARS. The concentration of TBARS was
quantified by measuring its absorbance at 530, following
the method described by Esterbauer et al. [18].

Table 1. Total polyphenols and flavonoids content of Cade oil.

2.5.6 Reduced glutathione (GSH) levels measurement

GSH levels in both lung and erythrocytes were assessed
using a colourimetric method following Weckbecker and
Corry [19]. In this method, SH groups of glutathione re-
duced DTNB (5,5'-dithiobis-(2-nitrobenzoic acid), produ-
cing a characteristic yellow colour. The absorbance at 412
nm was recorded, and the total GSH concentration was
presented in nmol GSH/mg protein.

2.5.7 Determination of antioxidant enzyme activities

In both lung tissue and erythrocytes, the roles of an-
tioxidant enzymes were determined through glutathione
peroxidase (GPx) and catalase (CAT) activities. The pro-
cedure outlined by Flohé and Giinzler [20] served as the
basis for measuring GPx activity; this implies that the
hydrogen peroxide (H,O,) was reduced to glutathione
disulfide (GSSG) in the presence of reduced glutathione
(GSH). The specific GPx activity was quantified at 420
nm and presented as mmol GSH/mg protein. In addition,
catalase activity was assessed by measuring the ability of
the enzyme to catalyse the degradation of hydrogen pe-
roxide, which led to a decline in absorbance, following
the method reported by Aebi's method [21]. Measurements
were recorded at 240 nm at 15-second intervals for 1 mi-
nute using UV/visible light. CAT activity was expressed as
pumol H,O, consumed/min/mg protein.

2.6 Histopathological examination

Following the method described by Zemmouri et al.
[22], lung tissues were collected and subsequently fixed
in 10% formaldehyde. Afterwards, specimens underwent
dehydration using ethanol solutions and then embedded
in paraffin. Sections of 5 pum thickness were obtained
from the paraffin blocks and stained using hematoxylin/
eosin (H&E). The stained sections were examined using a
LEICA DM 1000LED microscope.

2.7 Statistical analysis

All data were analysed using SPSS version 25. The in
vivo data were expressed as mean = standard error (SEM).
All in vitro antioxidant tests have been expressed as an
average of three replicates + the standard deviation (SD).
The IC, and A, values were calculated by linear regres-
sion analysis. Group comparisons were performed by
ANOVA one-way followed by the HSD Tukey post Hoc
test. The level of statistical significance was determined at
a p-value <0.05.

3. Results
3.1 Total bioactive content

The current study demonstrated the level of bioac-
tive content in Cade oil as presented in Table 1. The total
phenolic content in the Cade oil was assessed using The
Folin—Ciocalteu method. Cade oil showed a high quantity

Sample

Total phenolic (ng GAE/mg DW)

Total flavonoid (pg QE/mg DW)

Cade oil 27521+3.14

28.23 £1.91

Data are expressed as mean + SD of three parallel measurements. Total phenolic content is expressed as pg Gallic acid equivalents/
mg of extract, and total flavonoids are expressed as pug Quercetin equivalents/mg of extract.
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of phenolic content, reaching 275.21 + 3.14 mg GAE/g
DW. While flavonoids reached 28.23 = 1.91ug QE/mg, as
indicated in Table 1.

3.2 In vitro antioxidant activity of Cade oil

To assess the antioxidant potential of Cade oil, various
assays were employed, including DPPH and ABTS scaven-
ging activity, B-carotene/linoleic acid bleaching capacity,
Cupric reducing antioxidant capacity, Phenathroline and
Galvinoxyl scavenging assays. The obtained results from
these different tests were expressed in terms of IC_ and
A, values, as presented in Table 2.

DPPH, a stable purple-coloured free radical, trans-
forms to yellow hydrazine when reduced by an antioxi-
dant. This characteristic was utilised in a DPPH assay to
evaluate the radical-scavenging capability of Cade oil. The
assay revealed that Cade oil possesses considerable anti-
radical capacity, reported by an IC, value of 24.29+0.39
pg/mL. However, this efficacy is lower compared to the
well-known antioxidants BHA and BHT, which recorded
IC,, values of 12.99+0.41 pg/mL and 6.14+0.41 ug/mL,
respectively. Consistent findings were observed in both
ABTS and Galvinoxyl Radical (GOR) assays, with Cade
oil manifesting IC, values of 24.44 + 1.27 pg/mL and
21.92 + 1.27 pg/mL, respectively. These results indicate
a moderate level of antiradical efficacy relative to esta-
blished antioxidants BHT and BHA.

The reducing ability of Cade oil was analysed using
three distinct methods: reducing power, CUPRAC, and
phenanthroline assays. The reducing power assay hi-
ghlighted cade oil's potential in electron transfer, indicated
by its effective conversion of Fe** to Fe** through potas-
sium ferricyanide; exhibiting moderate activity with an
A, value of 19.40+0.45 pg/mL, surpassing that of BHT
(A, >50 pg/mL). In the CUPRAC assay, based on the
copper reduction method, Cade oil achieved a value of
30.40+1.52, slightly lower than those recorded for BHT
and BHA (A, values of 5.35+0.71 pg/mL and 8.97+3.94
pg/mL, respectively). The phenanthroline assay, asses-
sing the reduction of metal iron, demonstrated Cade oil's
effective potential, with an A, value of 11.52+0.48 pg/
mL, indicating a lower concentration requirement compa-
red to BHT and BHA (A, values of 0.88+0.04 pg/mL and
2.12+0.04 pg/mL, respectively).

To conclude, the antioxidant capacity of Cade oil, the
B-carotene bleaching assay, showed high activity with an
IC,, value of 8.20+0.25 pg/mL. However, this effective-
ness was less than that of standard antioxidants BHT and

Table 2. Antioxidant activities of Cade oil.

BHA, which displayed IC, values of 1.11+0.06 nug/mL
and 0.88+0.03 pg/mL, respectively.

3.3 In vivo antioxidant activity of Cade oil
3.3.1 Cell count levels in Bronchoalveolar BALF and
serum

The findings regarding cell count in BALF and serum
are depicted in (Fig.1), revealing notable results. In the
BALF and serum of OVA-induced rats, inflammatory
cells, including lymphocytes, monocytes and granulo-
cytes, were evaluated. A significant cell number increment
was noted (p < 0.001) in the OVA-challenged group com-
pared to the control group. Importantly, administration of
Cade oil significantly decreased (p < 0.05) the infiltration
of these inflammatory cells both in BALF and serum rela-
tive to the OVA-challenged group.

3.3.2 Evaluation of the antioxidant defence status in
lung and erythrocytes

In the lung and erythrocytes, Ova-sensitisation had a
noticeable effect on the antioxidant defence level. MDA
levels were significantly increased, while GSH, GPx and
CAT levels were significantly decreased in the sensitised
group compared to the control group (Fig. 2). Regarding
the CO group, the treatment administration demonstrated
a noteworthy improvement in all these parameters in the
organs under study.

3.4 Histopathological results
The histological analysis assessed the pathological
characteristics of OVA-induced allergic lung inflammation

2

(x10°3/uL)

Inflamsmatory cells in BALF

co OVAHCO

Fig. 1. The effect of Cade oil on inflammatory cells in BALF and
serum. Data are expressed as mean+SEM. (*p<0.05, **p<0.01,
*#%p<0.001) compared all the groups to the CTL group. (#p<0.05,
##p<0.01, ##p<0.001) compared the (OVA+CO) to the OVA group.
Noted that CTL: negative control. OVA: sensitised and challenged
rats (positive control). Treated group (CO): received oral administra-
tion of Cade oil (1mL/kg). (OVA+CO): consisted of ovalbumin-chal-
lenged rats treated with Cade oil (1 mL/kg).

DPPH ABTS GOR B-Carotene P(I:;g;‘z‘:sgay Cuprak  Phenanthroline
IC(ng/ml)  I1C (ugmL) 1C, (ughml) ICuug/mL) ™ LA Ay (g/ml) I (ug/mL)
CO  2429+039° 2444+127° 21.92+127° 824025  194+045 3040+ 1.52°  11.51 +0.48°
BHT  6.07+02° 175402  332+0.18  0.88=0.03" >50¢ 535+£0.71°  0.88+0.04°
BHA®  129+024° 1144011 538+0.06  1.11+0.06 NT 897+3.94°  2.1240.05¢
AA* NT NT NT NT 6.73 + 1,15 NT NT

IC50 and A0.50 values are expressed as the concentration of 50% inhibition percentages and the concentration at 0.50 absorbance, respectively.

Both metrics, calculated by linear regression analysis and expressed as Mean = SD (n=3). Different superscripts (a, b, ¢) in a column indicate

significant differences, while identical superscripts (b, b) denote no significant difference, determined by ANOVA and Tukey's test (p<0.05). CO:
Cade oil; BHA: butylated hydroxyanisole; BHT: butylated hydroxytoluene; AA: ascorbic acid; NT: not tested.
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Fig. 2. Antioxidant defence status in lungs and erythrocytes of the
control and treated groups. (A): Malondialdehyde (MDA) levels in
both lungs and erythrocytes; (B): Reduced Glutathione (GSH) levels
in lungs and erythrocytes; (C): Glutathione peroxidase activity in lung
and erythrocyte (GPx) and (D): Catalase activity in both lungs and
erythrocytes. Data are expressed as mean=SEM. (¥p<0.05, **p<0.01,
***p<0.001) compared all the groups to the CTL group. (#p<0.05,
##p<0.01, ###p<0.001) compared the OVA+CO to the OVA group:
the asthma group. Noted that CTL: negative control. OVA: sensitised
and challenged rats (positive control). Treated group (CO): received
oral administration of Cade oil (1 mL/kg. (OVA+CO): consisted of
ovalbumin-challenged rats treated with Cade oil (1 mL/kg).

(Fig. 3). Upon H&E staining, lung tissue of the OVA group
(Fig. 3, B) exhibited a pronounced peribronchial inflam-
mation by excessive leukocyte infiltration as compared to
the normal tissue (Fig. 3, A). Additionally, there was an
increase in the thickness of the respiratory bronchioles and
an enhanced production of mucus by goblet cells. Inte-
restingly, the (OVA+CO) group demonstrated enhanced
lung morphology, characterised by reduced inflammatory
cells, decreased thickening of airway cells and a decline in
mucus production (Fig. 3, D). Moreover, the CO-treated
group did not display any histological damage in the lung
compared to the control group (Fig. 3, C).

4. Discussion

Oxidative stress is fundamentally implicated in the
pathogenesis of a broad spectrum of chronic health condi-
tions, including allergic asthma, highlighting the essential
need to investigate antioxidant mechanisms for potential
therapeutic strategies [5]. Despite extensive research in
this area, the specific impact of natural remedies, such as
Cade oil derived from Juniperus oxycedrus, on allergic
asthma remain unexplored, with existing studies primarily
limited to the extracts and essential oils derived from Juni-
perus oxycedrus [7, 23]. Addressing this gap, our investi-
gation aims to elucidate the effects of Cade oil on allergic
asthma, thereby contributing to a broader comprehension
of its potential therapeutic benefits in oxidative stress-me-
diated conditions.

In response, a series of assays were conducted to ascer-
tain the antioxidant potency of Cade oil. The significant
antioxidant capacity found in our in vitro analyses promp-
ted further investigations using a rat model of allergic
asthma, which develops cellular and pathophysiological
characteristics similar to those observed in human asthma
[16], notably oxidative stress feature, a fundamental ele-
ment implicated in the onset and progression of asthma
[5].

Our results suggest that Cade oil possesses notable
antioxidant activity, primarily due to its abundant pheno-

lics and flavonoid content. Remarkably, the therapeutic
properties of many bioactive compounds, especially her-
bal polyphenols and flavonoids, stem from to their redox
potential, which plays a critical role in electron transfer
processes, neutralization of free radicals, and chelation of
metal ion [24].

In the context of asthma, inflammatory cell activation,
particularly by T-helper 2 (Th2) cells, is crucial in in direc-
ting and managing the immune-inflammatory response in
asthmatic airways. Following exposure to the ovalbumin
allergen, the interaction between antigen-presenting cells
and sensitised helper T lymphocytes result in increased
secretion of several airway cytokines, notably IL-4, IL-5,
and IL-13 [1].

These cytokines are fundamental in eosinophil diffe-
rentiation, survival, and function, leading to the recruit-
ment of inflammatory cells to the lungs, increased mucus
secretion, enhanced airway hyperresponsiveness and aller-
gen-specific IgE production [1, 5]. Moreover, inflamma-
tory epithelial cells markedly produce pro-inflammatory
cytokines and chemokines, such as such as tumour necro-
sis factor a (TNF-a) and interleukin-1 § (IL-1 B) [17].

TNF-a is involved in orchestrating the airway inflam-
matory, acting as a chemotactic agent for recruiting neu-
trophils and eosinophils, and enhancing the expression of
adhesion molecules on the epithelial cell surface [25]. On
the other side, IL-1p triggers the generation of Th2 cells
following allergen exposition, leading to eosinophils acti-
vation and subsequent cytokines release, including IL-5
[25]. Animal models studies have consistently demonstra-
ted a remarkable upsurge in TNF-o and IL-1[ gene expres-
sion in OVA-induced asthma [5, 16, 25]. Arguably, redu-
cing the inflammatory cell cytokines and chemokines in
the airway using the anti-TNF-a and IL-1f drugs represent
an efficient therapeutic strategy for treating asthma [26].

Fig. 3. Histopathological analysis of the lungs section of rats. A:
Control group (x40). B: Asthma group (x40). C: Normal group treated
only with Cade oil 1mL/kg /day orally (x40). D: Asthma group treated
with Cade oil 1mL/kg /day orally (x40). The histological structure of
the control rat exhibits a normal appearance. In contrast, the Ova-sen-
sitised lung presents evidence of inflammatory cell infiltration in the
bronchial airways (indicated by the yellow arrow), an increase in the
thickening of a respiratory bronchiole (depicted by the white square),
hyperplasia of goblet cells (shown by the red circle), and production of
mucus (highlighted by the black arrow). Conversely, in the OVA+CO
rat lung, a reduction in inflammatory cell presence (indicated by the
red arrow), a decrease in the thickening of airway cells (represented
by the black square), and a decrease in mucus production (illustrated
by the blue arrow) are observed. The CO-treated rat lung exhibits a

normal cellular appearance comparable to the control group.
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Consistent with the findings of Chalchat et al. [27] and
Barrero et al. [28], the major component present in Cade
oil is d-cadinene, known for its anti-inflammatory effects
and ability to reduce IL-1p and TNF-a levels [29]. Our
data indicates clearly that the oral administration of Cade
oil reduced lung inflammation by decreasing leukocyte
rates to their physiological ranges and minimising inflam-
matory cell infiltration into lung tissue, especially eosino-
phil and lymphocyte levels in OVA+CO group compared
to the OVA group. These findings indicate that Cade oil
had a therapeutic influence on the allergic response ob-
served in Ova-sensitised rats, suggesting that d-cadinene
directly contributes to the oil's capacity to mitigate allergic
responses in sensitized rats, aligning with previous fin-
dings that associate this compound with anti-inflammato-
ry activity and a reduction in pro-inflammatory cytokines
such as IL-1p and TNF-a. Therefore, may be attributed
significantly to different phenolic compounds present in
Cade oil, which not only neutralise free radicals but also
demonstrate anti-inflammatory properties, contributing to
the its inhibitory impact on allergic responses in sensitized
rats.

Oxidative stress represents a fundamental hallmark of
asthma, characterised by an imbalance between a heigh-
tened oxidant system and reduced antioxidant defences.
The presence of high oxidant rates serves as an indicative
marker of the ongoing inflammatory processes [5, 30]. In
this context, numerous studies have investigated the bond
between oxidative stress and asthma, focusing on a pos-
sible therapeutic strategy revolves around antioxidants
[31, 32].

Particularly, oxygen-derived free radicals, especially
frompolyunsaturated fatty acids, lead to lipid peroxidation
within the cell membranes, producing Malondialdehyde
(MDA), known as an indicator of oxidative stress due to
its oxidant properties [33]. Hence, the accumulation of
MDA in lung tissue could potentially enhance the leuko-
cyte chemotaxis, releasing an excess of ROS production
by immune cells infiltrating airway inflammation, leading
to asthma-related airway injury [33].The present inves-
tigation showed that the OVA challenge significantly in-
creased MDA amounts in lungs and erythrocytes samples;
this aligns with the research of Khaldi et al. [31], who in-
vestigated the effects of Nigella sativa oil on lungs inflam-
mation and oxidative stress. Interestingly, the administra-
tion of Cade oil significantly reduced the oxidative alte-
ration of lipid peroxidation levels in the OVA+CO group,
illustrating its potent antioxidant properties.

The human body has several mechanisms that ensure
its protection against free radicals, including endogenous
non-enzymatic antioxidants such as GSH and enzymatic
antioxidants such as catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPx) [34, 35]. These
systems help in neutralising free radicals and protecting
biological targets from oxidative harm, thereby aiding in
disease prevention [34]. Our data demonstrated that rats
exposed to OVA showed clear signs of oxidative stress,
as indicated by reduced amounts of antioxidant enzymes
GSH, GPx and Catalase, accompanied by an increase in
MDA levels. Accordingly, it may be suggested that oxi-
dative stress provoked increased inflammation, given the
significant presence of inflammatory cells in the OVA-in-
duced asthmatic rats [22, 35].

GSH, a vital antioxidant, plays a crucial role in cellu-

lar defense against oxidative injury, especially in the lungs
[22, 30]. As a non-protein thiol-containing compound,
GSH serves as a co-substrate for glutathione transferase
(GST) and GPx, reducing oxidative damage caused by
reactive oxygen species [30]. Additionally, in cells, gluta-
thione interacts with free radicals to generate glutathione
in its oxidised form (GSSG). The latter is efficiently rege-
nerated into its reduced state (GSH) by GSH reductase,
using NAD(P)H as the electron donor [2].

In this research, the OVA challenge significantly de-
creased glutathione (GSH) levels, indicating impairment
in the antioxidant defence system and potentially leaving
the lung tissues vulnerable to oxidative damage and in-
flammation. These results are consistent with earlier stu-
dies [22, 31, 32]. which also reported a similar decline in
GSH levels in the context of allergic lung inflammation.
Furthermore, these results revealed that GSH values were
elevated in the treated group, indicating the antioxidant
properties of Cade oil that can protect against oxidative
stress through its effective role as a scavenger of free radi-
cals.

Additionally, endogenous antioxidant enzymes, such
as GPx and CAT, have been evaluated in order to deter-
mine the extent of oxidative stress. A notable decrease
in catalase and GPx activity was noticed in the lungs of
the Ova group when compared to the Control group, indi-
cating deterioration in the antioxidant function, pointing
to elevated oxidative stress. Catalase has been regarded
as a critical antioxidant enzyme in the lungs, responsible
for neutralising reactive H,O, into H,O and O, [34]. The
depletion of CAT activity can be attributed to its inacti-
vation caused by elevated synthesis and accumulation of
hydrogen peroxide (H,0,) and superoxide radicals within
the asthmatic lungs [22]. Moreover, GPx is an intracel-
lular, selenium-containing enzyme known to catalyse the
reduction of H,O, to water [33], reinforces the importance
of GSH as a necessary cofactor [2, 34].

The current histological investigation of the lung is
consistent with earlier findings; as illustrated in (Fig. 3),
the control group demonstrated normal lung histology,
with no observed inflammatory cell infiltration or airway
remodelling, reinforcing that the Control group is a sui-
table comparison group. On the other hand, the Ova group
showed a massive inflammatory cell infiltration involving
the recruitment and activation of various immune cells,
including eosinophils, lymphocytes, mastocytes, and
macrophages. These inflammatory cells release cytokines,
chemokines, and other mediators that promote bronchial
epithelium damage and increase cell proliferation, leading
to the thickening of the bronchiolar walls [22]. The pres-
ence of inflammatory mediators can also stimulate goblet
cells to undergo hyperplasia and produce excessive mu-
cus within the lumen of the bronchioles, which can fur-
ther contribute to airway obstruction and thickening [17].
Interestingly, lung morphology significantly improved in
the OVA+CO group after receiving treatment with Cade
oil. The reduction in inflammatory cell infiltration, airway
thickening, and the decline in mucus production indicate
a potential protective effect of Cade oil treatment against
allergic lung inflammation.

5. Conclusion
This study explored the antioxidant, anti-inflammatory
and anti-asthmatic properties of Cade oil through both in
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vitro and in vivo experiments. Our research yielded seve-
ral significant insights. Firstly, Algerian Cade oil is rich
in phenolic compounds, which could explain its impres-
sive antioxidant and anti-inflammatory activities observed
in vitro. Additionally, the administration of the Cade oil
in an OVA-induced asthma model has counteracted oxi-
dative stress by neutralising ROS, minimising pulmonary
inflammation through modulating immune cell infiltration,
as well as protecting membrane lipids from peroxidation,
enhancing the activity of antioxidant enzymes, besides
improving lung morphology by reducing the alteration of
the airways. Future research involving in vitro and in vivo
toxicological assessments will be necessary to establish
the safety of this oil for human consumption. It is crucial
not only to confirm its safety but also to identify and iso-
late the active compounds that hold potential therapeutic
value, which might serve as promising components for
novel pharmaceutical formulations.

Conflict of interest
The authors report no conflicts of interest related to this
article.

Consent for publications
The authors read and approved the final manuscript for
publication.

Ethics approval and consent to participate

The methodologies applied in this study received appro-
val from the Ethical Committee of the Directorate General
for Scientific Research and Technological Development,
which operates under the auspices of the Algerian Mi-
nistry of Higher Education and Scientific Research. This
endorsement was formalised with the issuance of license
number PNR/SF 08/2012, ensuring adherence to ethical
standards in the research process. Rigorous measures were
employed to reduce to a minimum the number of animals
used and mitigate any distress they might experience.

Informed consent
The authors declare not used any patients in this research.

Availability of data and material
The data that support the findings of this study are available
from the corresponding author upon reasonable request

Author's contributions

MA: Conducted all laboratory procedures and prepared
the manuscript. MA, M HZ, ND, TK: Conducted animal
experiments, ensuring adherence to ethical guidelines
and proper data collection. CB: Supervised experiments
and provided laboratory resources at CRBT. MA and LK:
Conducted statistical analysis and data interpretation,
HA: Conducted the microscopic analysis for the histolo-
gical study. MZ: methodology, MM: provided laboratory
resources at LBTE. AB and MB:Designed the research
framework, supervised the overall project to ensure cohe-
rence and scientific integrity. All authors: Contributed to
manuscript revision, provided critical feedback, and ap-
proved the final version for publication.

Funding
The present work was supported by DG-RSDT (Gene-
ral Directorate of Scientific Research and Technological

Development, Algeria) through the Laboratory of Bio-
chemistry and Environmental Toxicology, Faculty of
Sciences, University of Badji Mokhtar, Annaba (Algeria)
and The National Center for Biotechnological Research
(Constantine, Algeria).

References

Lambrecht BN, Hammad H (2015) The immunology of asthma.
Nat Immunol 16(1): 45-56. https://doi.org/10.1038/ni.3049
Sugiura H, Ichinose M (2008) Oxidative and nitrative stress in
bronchial asthma. Antioxidants Redox Signaling. 10(4):785-798.
https://doi.org/10.1089/ars.2007.1937

World Health Organization (2023) Asthma. https://www.who.int/
news-room/fact-sheets/detail/asthma.

Rahman I, Biswas SK, Kode A (2006) Oxidant and antioxidant
balance in the airways and airway diseases. Eur J Pharmacol
533(1-3): 222-239. https://doi.org/10.1016/j.ejphar.2005.12.087
Shakerinasab N, Bejeshk MA, Pourghadamyari H, Najafipour H,
Eftekhari M, Mottaghipisheh J, et al. (2022) The Hydroalcoholic
Extract of Nasturtium officinale Reduces Lung Inflammation and
Oxidative Stress in an Ovalbumin-Induced Rat Model of Asthma.
Evidence-Based Complement Altern Med 21(6):1-10. https://doi.
org/10.1155/2022/5319237

Chaouche TM, Haddouchi F, Atik-Bekara F, Ksouri R, et al.
(2015) Antioxidant, haemolytic activities and HPLC-DAD-
ESI-MSn characterisation of phenolic compounds from the root
bark of Juniperus oxycedrus subsp. oxycedrus. Ind Crops Prod
64(1):182-187. http://dx.doi.org/10.1016/j.indcrop.2014.10.051
Akkol EK, Giiveng A, Yesilada A (2009) A comparative study
on the antinociceptive and anti-inflammatory activities of five
Juniperus taxa. J Ethnopharmacol 125(2): 330-336. https://doi.
org/10.1016/j.jep.2009.05.031

Ninich O, Et-Tahir A, Kettani K, Ghanmi M, Aoujdad J, et al.
(2022) Moroccans ethnobotanical knowledge about medicinal
tar. Trop J Nat Prod Res 6(3): 317-29. https://doi.org/10.1016/].
jep.2021.114889

Skalli S, Chebat A, Badrane N, Soulaymani Bencheikh, et al.
(2014) Side effects of cade oil in Morocco: An analysis of re-
ports in the Moroccan herbal products database from 2004 to
2012. Food Chem Toxicol 64: 81-85. https://doi.org/10.1016/;.
fct.2013.11.009

Al-Qura'n S (2005) Ethnobotanical survey of folk toxic plants in
the southern part of Jordan. Toxicon 46(2):119-29. https://doi.
org/10.1016/j.toxicon.2005.04.010

Singleton VL, Rossi JA (1965) Colourimetry to total phenolics
with phosphomolybdic-phosphotungstic acid reagents. Am J Enol
Vitic 16(3): 144—158. https://doi.org/10.5344/ajev.1965.16.3.144
Topcu G, Ay M, Bilici A, Sarikiirkcii C, Oztiirk M, Ulubelen A
(2007) A new flavone from antioxidant extracts of Pistacia tere-
binthus. Food Chem 103(3): 816-22. https://doi.org/10.1016/;.
foodchem.2006.09.028

Meziant L, Bachir-bey M, Bensouici C, Saci F, Boutiche M, et al.
(2021) Assessment of inhibitory properties of flavonoid-rich fig

10.

11.

12.

13.

(Ficus carica L.) peel extracts against tyrosinase, a-glucosidase,
urease and cholinesterases enzymes, and relationship with an-
tioxidant activity. European Journal of Integrative Medicine. 43:
101272. https://doi.org/10.1016/j.eujim.2020.101272

Lekouaghet A, Boutefnouchet A, Bensuici C, Gali L, Ghenaiet K,
et al. (2020) In vitro evaluation of antioxidant and anti-inflamma-

14.

tory activities of the hydroalcoholic extract and its fractions from
Leuzea conifera L. roots. South African J of Bot 132: 103-107.
https://doi.org/10.1016/j.sajb.2020.03.042

15. Bakhouche I, Aliat T, Boubellouta T, Gali L, Sen A, Bellik Y

64


https://doi.org/10.1016/j.ejphar.2005.12.087

Therapeutic effects of Cade oil in allergic asthma.

Cell. Mol. Biol. 2024, 70(7): 58-65

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(2021) Phenolic contents and in vitro antioxidant, anti-tyrosi-
nase, and anti-inflammatory effects of leaves and roots extracts
of the halophyte Limonium delicatulum. South African J Bot
139(July):42-9 https://doi.org/10.1016/j.52jb.2021.01.030
Moura CT, Bezerra FC, de Moraes IM, Magalhaes PJ, Capaz FR
(2005) Increased responsiveness to S5-hydroxytryptamine after
antigenic challenge is inhibited by nifedipine and niflumic acid in
rat trachea in vitro. Clinical and experimental pharmacology and
physiology Clin Exp Pharmacol Physiol 32(12):1119-23. https://
doi.org/10.1111/5.1440-1681.2005.04308.x

Yang EJ, Lee JS, Song BB, Yun CY, Kim DH, Kim IS ( 2011)
Anti-inflammatory effects of ethanolic extract from Lagerstroe-
mia indica on airway inflammation in mice. J Ethnopharmacol
136(3): 422-7. http://dx.doi.org/10.1016/j.jep.2010.05.066
Esterbauer H, Gebicki J, Puhl H, Jiirgens G (1992) The role of lipid
peroxidation and antioxidants in oxidative modification of LDL.
Free Radic Biol Med 13(4):341-90. https://doi.org/10.1016/0891-
5849(92)90181-f

Weckbecker G, Cory JG (1988) Ribonucleotide reductase activity
and growth of glutathione-depleted mouse leukemia L1210 cells
in vitro. Cancer Lett 40(3):257-64. https://doi.org/10.1016/0304-
3835(88)90084-5

Floh¢ L, Giinzler WA (1984) Assays of glutathione peroxidase.
Methods Enzymol 105:114-21. https://doi.org/10.1016/s0076-
6879(84)05015-1

Acebi H (1984) Catalase in vitro. Methods Enzymol 105:121-6.
https://doi.org/ 10.1016/s0076-6879(84)05016-3.

Zemmouri H, Sekiou O, Ammar S, Feki AEIl, Bouaziz M, Messa-
rah M, Boumendjel A (2017) Urtica dioica attenuates ovalbumin-
induced inflammation and lipid peroxidation of lung tissues in rat
asthma models. Pharm Biol 55(1): 1561-1568. https://doi.org/10.
1080/13880209.2017.1310905

El-Abid H, Amaral C, Cunha SC, Augusto TV, et al. (2019) Che-
mical composition and anti-cancer properties of Juniperus oxy-
cedrus L. essential oils on estrogen receptor-positive breast can-
cer cells. J Funct Foods 59(3):261-71. https://doi.org/10.1016/].
ji£.2019.05.042

Bisset S, Sobhi W, Bensouici C, Khenchouche A (2020) Chain-
breaking/Preventive Antioxidant, Urate-lowering, and Anti-in-
flammatory Effects of Pure Curcumin. Curr Nutr Food Sci 17(1):
66—74. https://doi.org/10.2174/1573401316999200421095134
Rajizadeh MA, Najafipour H, Samareh Fekr M, Rostamzadeh F,
Jafari E, et al. (2019) Anti-inflammatory and anti-oxidative effects
of myrtenol in the rats with allergic asthma. Iran J Pharm Res

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

18(3):1488-1498. https://doi.org/ 10.22037/ijpr.2019.1100749.
Lin SC, Shi LS, Ye YL (2019) Advanced molecular knowledge
of therapeutic drugs and natural products focusing on inflamma-
tory cytokines in asthma. Cells 8(7):685. https://doi.org/10.3390/
cells8070685

Chalchat JC, Garry RP, Michet A, Peyron L (1990) Chemical
composition of natural and empyreumatic oils and extracts from
Juniperus oxycedrus and Juniperus phoenicea wood. J Essent Oil
Res 2(5): 231-236. https://doi.org/10.1080/10412905.1990.9697
872

Barrero AF, Oltra JE, Altarejos J, Barragan A, Lara A, Laurent
R (1993) Minor components in the essential oil of Juniperus
oxycedrus L. wood. Flavour Fragr J 8(4): 185-189. https://doi.
org/10.1002/11j.2730080404

de Veras BO, de Oliveira JRS, de Menezes Lima VL, et al.(2022)
The essential oil of the leaves of Verbesina macrophylla (Cass.)
S.F. Blake has antimicrobial, anti-inflammatory and antipyre-
tic activities and is toxicologically safe. J Ethnopharmacol
265:113248

Reynaert NL (2011) Glutathione biochemistry in asthma. Bio-
chim Biophys Acta - Gen Subj 1810(11):1045-1051. https://doi.
org/10.1016/j.bbagen.2011.01.010

Khaldi T, Chekchaki N, Boumendjel M, Taibi F, Abdellaoui M,
Messarah M, Boumendjel A (2018) Ameliorating effects of Ni-
gella sativa oil on aggravation of inflammation, oxidative stress
and cytotoxicity induced by smokeless tobacco extract in an aller-
gic asthma model in Wistar rats. Allergol Immunopathol (Madr)
46(5): 472-481. https://doi.org/10.1016/j.aller.2018.02.005
Rouibah Z, Ben Mensour A, Rekik O, Boumendjel M, Taibi F,
Bouaziz M, et al. (2019) Chemical composition, antioxidant
activities, in an allergic asthma model, of Olea europaea L. leaf
extracts from Collo (Skikda, Algeria). Drug Chem Toxicol 45(1):
197-208. https://doi.org/10.1080/01480545.2019.1679827
Djaber N, Ounaceur LS, Moubine BN, Khaldi T, Rouag M, Ber-
rouague S, et al. (2020) Roundup-induced biochemical and histo-
pathological changes in the liver and kidney of rats: The amelio-
rative effects of Linum usitatissimum oil. Acta Biochim Pol 67(1):
53-64. https://doi.org/10.18388/abp.2020_2898

Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O (2012)
Oxidative Stress and Antioxidant Defense. World Allergy Organ J
5(1): 9-19. https://doi.org/10.1097/WOX.0b013e3182439613
Sahiner UM, Birben E, Erzurum S, Sackesen C, Kalayci O (2018)
Oxidative stress in asthma: Part of the puzzle. Pediatr Allergy
Immunol 29(8):789-800. https://doi.org/10.1111/pai.12965

65


http://dx.doi.org/10.1016/j.jep.2010.05.066
https://doi.org/10.1080/13880209.2017.1310905
https://doi.org/10.1080/13880209.2017.1310905
https://doi.org/10.1111/pai.12965

