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Abstract

Asthma is an inflammatory disease of the lungs, and it causes oxidative stress. Lavandula dentata is an aromatic
herb with anti-oxidative and anti-inflammatory activities. This study examined the activity of L. dentata extract on a
guinea pig model of asthma. Adult males were divided into five groups: First group was control, second was asthma
model induced by OVA, third was treated with L. dentata extract orally (300 mg/kg) for 21 days; the fourth was an
asthma model with L. dentata extract (300 mg/kg) and fifth was treated with Tween 80 for 21 days. OVA treatment
increased IgE, triglycerides, total cholesterol, glucose levels in serum, WBC count in blood and MDA in lungs. Also,
OVA reduced SOD activity, GSH content in lungs, and GGT activity in serum (p<0.05). L. dentata extract treatment
in asthma model reduced elevated IgE, triglycerides, total cholesterol, glucose levels in serum, and MDA in lungs
(p<0.05), while it increased GSH content in lungs (p<0.05). These results suggest the possibility that L. dentata extract
can exert suppressive effects on asthma, and may provide evidence that it is a useful agent for the treatment of allergic
airway disease, it also limits oxidative stress induced by OVA. L. dentata extract appears to have hypolipidemic and
hypoglycemic activities.
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Efeito do extrato de Lavandula dentata na asma induzida por ovalbumina em
cobaias machos

Resumo

A asma é uma doenca inflamatdria dos pulmdes e causa estresse oxidativo. Lavandula dentata é uma erva aromatica com
atividades anti-oxidantes e antiinflamatorias. Este estudo examinou a atividade do extrato de L. dentata em um modelo
de asma de cobaia. Os machos adultos foram divididos em cinco grupos: o primeiro grupo foi controle, o segundo
modelo foi o da asma induzido pela OVA, o terceiro foi tratado com extrato de L. dentata por via oral (300 mg / kg)
por 21 dias; o quarto foi um modelo de asma com extrato de L. dentata (300 mg / kg) e o quinto foi tratado com Tween
80 por 21 dias. O tratamento com OVA aumentou a IgE, os triglicerideos, o colesterol total, os niveis de glicose no
soro, a contagem de leucécitos no sangue e 0 MDA nos pulmdes. Além disso, 0 OVA reduziu a atividade da SOD, o
conteudo de GSH nos pulmdes e a atividade da GGT no soro (p <0,05). O tratamento com extrato de L. dentata no
modelo de asma reduziu a IgE elevada, triglicérides, colesterol total, niveis séricos de glicose e MDA nos pulmdes
(p <0,05), enquanto aumentou o contetido de GSH nos pulmdes (p <0,05). Estes resultados sugerem a possibilidade
do extrato de L. dentata poder exercer efeitos supressores sobre a asma, e pode fornecer evidéncias de que ¢ um agente
util para o tratamento de doengas alérgicas das vias aéreas, além de limitar o estresse oxidativo induzido pela OVA.
O extrato de L. dentata parece ter atividades hipolipemiantes e hipoglicémicas.

Palavras-chave: Lavandula dentata, ovalbumina, asma, antioxidante, peroxidagao lipidica.

1. Introduction

Asthma is a chronic disease defined by variable features,
including reversible airways obstruction, airway responsiveness
and inflammation. In 2014, it affected around 300 million
people worldwide (GINA, 2014). The risk of developing
asthma is enhanced by exposure to inhaled pollutants such
as allergens, viruses, bacteria, fungi, tobacco smoke and
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ozone, which initiate allergic symptoms (Holgate 2008;
Selgrade et al., 2013). Oxidative stress plays a critical role
in asthma pathogenesis. Several reports have demonstrated
that oxidative stress is a crucial consequence of asthma
inflammatory response (Nadeem et al., 2008, Wood et al.,
2003). Lymphocytes, macrophages and other cell types
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participate in the increased production of reactive oxygen
species (ROS) in asthma, which may initiate and enhance
airway inflammation and alteration of antioxidant defense
systems such as glutathione(GSH), superoxide dismutases
(SOD), catalase(CAT) and glutathione peroxidases(GPx),
and thus leads to pathophysiological effects associated
with asthma such as mucus hypersecretion, vascular
permeability, epithelial shedding and smooth muscle
contraction (Nadeem et al., 2008). The potential injury of
ROS can be reduced by a number of antioxidants, these
could be exogenous antioxidants acquired from diet such
as tocopherols, carotenoids, flavonoids and ascorbate,
or endogenous including antioxidant enzymes (SOD,
GPx, and CAT), thiols (GSH) and metal-binding proteins
(lactoferrin, transferrin, ceruloplasmin), therefore, the
use of antioxidants to maintain the oxidant-antioxidant
balance might be effective in the management of asthma
(Kirkham and Rahman 2006).

Asthma induced by Ovalbumin (OVA) is known as a
disease that is the result of chronic airway inflammation
usually related with infiltration of lymphocytes, eosinophils,
and neutrophils into bronchial lumen, with an increase of
reactive nitrogen and oxygen species levels (Roh et al.,
2008). Recently, several researches proved that oxidative
stress is one of the important determinants of asthma,
therefore, the use of natural compounds that have an
antioxidant and anti-inflammatory activity might be a
useful therapeutic approach.

Medicinal plants are a major source for antioxidants,
the antioxidant action of numerous extracts from medicinal
herbs has been broadly documented in vitro and vivo studies.
Lavandula dentata. (Lamiaceae), commonly known in
Saudi Arabia as “Dhurm”, is a widely distributed aromatic
herb (Rahman et al., 2004). Lavandula angustifolia is
known as a powerful aromatic and medicinal herb. It is
used in traditional and folk medicines in various parts
of the world for treating gastrointestinal, nervous and
rheumatic ailments (Duke, 1989; Evans, 1989; Leung and
Foster, 1996). Pharmacological and biological studies of
lavender (extracts, fractions, and essential oil) reported
that it has anti-convulsive, sedative, spasmolytic, local
anaesthetic, antioxidant, anti-bacterial and mast cell
degranulation inhibitory effects (Ghelardini et al., 1999;
Gilani et al., 2000; Hohmann et al., 1999; Kim and Cho,
1999; Leung and Foster, 1996; Lis-Balchin and Hart, 1999;
Maruyama et al., 2005; Yang et al., 2010). Phytochemical
researches showed that linalool, linalyl acetate and
additional mono and sesquiterpenes, flavonoids such as
luteolin, triterpenoids like ursolic acid and coumarins
such as umbelliferone and coumarin were the primary
constituents of the aerial parts and flowers of lavender plant
(Duke, 1989; Leung and Foster, 1996; Omidbaigi, 2000;
Renaud etal., 2001). L. angustifolia protected the neurons
from glutamate toxicity (Biiyiikokuroglu et al., 2003).
L. dentata decreased blood sugar levels (Gamez et al.,
1987), and also has anticancer properties (Ali etal., 2015;
Vijaya et al., 2009), anti-inflammatory, analgesic activities
(Algieri et al., 2016; Hajhashemi et al., 2003; Silva et al.,
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2015), helpful for urine retention, removal of kidney and
urethral stones (Rahman et al., 2004), antioxidant and
antifungal (Lopez et al., 2007), wound healing, rheumatic,
urine retention, kidney stones, antiseptic (Rahman et al.,
2004), and antiprotozoal (Al-Musayeib et al., 2012).
This study investigates potent anti-asthmatic and
antioxidant activity of L. dentata extract against OVA induced
asthma in Guinea pigs. It was based on a hypothesis that
its extract has an antioxidant effect on allergic asthma in
Guinea pigs model. The use of Lavendula dentata extract
is an attempt to ameliorate asthma attacks and their effects
as well as increasing the body’s defenses against asthma.

2. Materials and Methods

2.1. Plant material and preparation of the extract

Lavendula dentata plant was collected from Taif in
the west part of Saudi Arabia. plant was identified by the
Plants Taxonomy and Herbarium Unit, Faculty of Pharmacy,
King Saud University, Riyadh, the voucher specimens
(NO.15112) have been deposited at the Herbarium of
the Faculty of Pharmacy, King Saud University, Riyadh,
Saudi Arabia. The extraction of the flowers and leaves of
the plant was done by the Department of Pharmacognosy
and Research Center of Medicinal and Aromatic Plants in
the Pharmacy Faculty of King Saud University in Riyadh.
It was dissolved in Tween 80, and it was given (300 mg/kg)
(Bhatia et al., 2008) orally for 21 days.

2.2. Animals

Adult male guinea pigs Cavia procellus weighing
500-700 g were obtained from the Animal Care Center,
College of Pharmacy (King Saud University, Riyadh, Saudi
Arabia). They were housed in pairs per cage at 22- 24°C
with a 12 hlight, 12 h dark. The animals were acclimatized
in house conditions for a week prior. The study protocol
was approved by the Research Ethics Committee of the
College of Pharmacy (King Saud University, Riyadh,
Saudi Arabia).

2.3. Ovalbumin (OVA) sensitization and challenge

Guinea pigs were sensitized with OVA as described
by (Misaka et al., 2009), animals were immunized on
days 0, 7, and 14 via intraperitoneal injection of 0.1 mg
chicken OVA (Grade I1I; sigma-Aldrich), emulsified in 1 mg
of aluminum hydroxide (sigma-Aldrich) as an adjuvant,
according to (Park et al., 2007), both were dissolved in
0.5 ml normal saline. On day 21, 22, 23 of the experiment,
guinea pigs were challenged by Aerosolizing them with
Img/ml of OVA. Aerosolizing was performed for 15 min by
placing the animal in a chamber connected to a nebulizer,
according to (Muraki et al., 2008).

2.4. Experimental design

Guinea pigs were divided randomly into five groups
(5 guinea pigs each), group 1: Control; group 2: Asthma
model; group 3: Treated orally with L. dentata extract
(300 mg/kg) for 21 days; group 4: Asthma model with
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L. dentata extract orally (300 mg/kg) starting from day 3 to 23
OVA+EXT; group 5: Treated with Tween 80 for 21 days.

2.5. Blood Collection

24 hours after the challenge, rats were anesthetized (each
animal was made to fast for 12 hours before anesthetization)
by intraperitoneal injection of Ketamine (50mg/kg) and
Rompun (20mg/kg) (Elovsson et al., 2005). Blood samples
were withdrawn from the heart via Cardiac Puncture.
Samples were centrifuged at 3000 rpm for separation
of sera that were stored at -20° C until assayed. Serum
samples were assayed for Measurement of Immunoglobulin
(Ig) G and E, triglycerides, total cholesterol, total protein,
albumin, globulin content creatinine, urea concentration,
glucose level, Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), gamma-glutamyl-transferase
(GGT) and lactate dehydrogenase (LDH) activity, using
commercial available assay kit (Biomerieux) according
to manufacturer instruction.

2.6 Hematological assay

Counting red blood cells (RBC), White blood cells
(WBC), Blood platelets (PLT), Hemoglobin content (Hgb),
Haematocrit value (Hct) determined by using Vet-Animal
Blood counter (ABC) (ABX-France).

2.7. Biochemical assays in lung homogenate

Samples were dissected from the right lung and washed
immediately with ice cold saline to remove as much blood
as possible, then the lungs were weighed to prepare the
homogenate. The tissue was homogenized with ice-cold
0.25 M sucrose in Tris HC1 with pH 7.4 at a 1:10 ratio.
The homogenate was centrifuged (4000 x g, for 30 min)
and the supernatant was stored at -20 C. The supernatant
was used for the estimation of superoxide dismutase (SOD),
as described by (Nishikimi et al., 1972), and glutathione
(GSH) content, as described by (Prins and Loose, 1969).
For determination of lipid peroxidation products MDA
(malondialdehyde), lung tissue was homogenized with
ice-cold KCl solution, as described by (Stroev and Makarova,
1989; Esterbauer and Cheeseman, 1990).

2.8. Statistical analysis

Data are presented as mean = S.E. of the mean. Statistical
differences between means were calculated using one way
ANOVA, analysis was performed with SPSS 15.0 software
package (SPSS Inc., Chicago, IL, USA) Differences were
considered significant at p < 0.05.

3. Results

3.1. The effect of OVA and L. dentata extract on
Concentrations of IgE and IgG in serum

Concentrations of IgE were elevated in OVA and OVA+EXT
groups as compared with control group, but the administration
of extract reduced the concentrations of IgE when compared
with OVA group. In addition, there were no significant changes
in IgG concentrations in all groups (Table 1).

3.2. The effect of OVA and L. dentata extract on the
content of Triglycerides and total Cholesterol in serum

The treatment with OVA caused a significant increase in
content of Triglycerides and total Cholesterol in serum when
compared with control group (Table 2). In addition, L. dentata
extract showed a decrease in serum Triglycerides content
and total Cholesterol as compared to OVA group (Table 2).

3.3. The effect of OVA and L. dentata extract on the
content of total protein, albumin, globulin, and the
concentration of urea and creatinine in serum

There were no significant differences in the content
of total protein, albumin, globulin and concentration of
urea and creatinine in serum among the groups (Table 2).

3.4. The effect of OVA and L. dentata extract on
Glucose level in serum

OVA-sensitization and challenge group caused a
significant increase in Glucose level. However, L. dentata
extract alone or with OVA-sensitized and challenged
showed a significant decrease in glucose level (Table 2).

3.5. The effect of OVA and L. dentata extract on the
activity of ALT, AST, LDH and GGT in serum

L. dentata extract did not affect the activities of serum
enzymes ALT and AST. Also, there were no significant
alteration in LDH activity in all experimental groups
when compared to control group (Table 2). GGT activity
decreased significantly in OVA- sensitized and challenged
group. However, the activity of GGT in serum was not
altered in OVA+ EXT and L. dentata extract groups when
compared to control group (Table 2).

3.6. The effect of L. dentata extract on the products of
lipid peroxidation in lung tissues of immunized and
challenged Guinea Pigs

Tissue Malondialdehyde (MDA) was significantly
increased in OVA group when compared with control
group. In OVA+EXT group, MDA was decreased by
L. dentata extract administration when compared with
OVA group (Table 3).

Table 1. The effect of OVA and L. dentata extract on Concentrations of IgE and IgG in serum.

Treatment Groups
Control Tween80 OVA EXT OVA+EXT
IgE concentration (ng/ml)  0.116+0.002 0.13+0.004 0.18+0.008a 0.11+0.004 0.15+0.02ab
IgG concentration (g/L) 2.66+0.14 2.80+0.06 2.68+0.08 2.68+0.05 2.56+0.02

Values are expressed as Means +SE. (n = 5). a Significant compared to the control group (p<0.05); b Significant compared to the
OVA group (p<0.05). Ovalbumin (OVA), Lavendula dentata extract (EXT).
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3.7. The effect of OVA and L. dentata extract on the
activity of SOD and GSH content in lung tissue

The results showed a decrease in SOD and GSH content
in OVA-sensitized and challenged group as compared
to control group. In addition, in OVA+ extract group,
SOD activity was similar to control group, and GSH content
was increased when compared to OVA group (Table 3).

3.8. The effect of OVA and L. dentata extract on total
cell count in blood

OVA and OVA+EXT groups showed a significant
increase in WBC count as compared to control group,
although the results did not show any change in the number
of RBC, blood platelets, Hgb content and Hct percentage
in all groups (Table 4).

4. Discussion

Seasonal allergy, food allergy, asthma and anaphylaxis
cause immediate hypersensitivity reaction, and IgE is one
of the main mediators (Corry and Kheradmand, 1999).
Total serum IgE level is related with severity of these
allergic diseases (Coffman et al., 1989), which strongly
supports the specificity of the local IgE response in the
bronchi for allergen (Wilson et al., 2002). The results
showed Significant increase in the concentration of IgE
after treatment with OVA, and the same results have
been reported in many studies (Ayoub et al., 2003;
Bao et al., 2007; Chang et al., 2009; Yano et al., 2007,
Yang et al., 2008), early asthmatic response caused by
elevated IgE induced the degranulation of mast cells by
cross-linkage of allergen-specific IgE, and this process is a

Table 2. The effect of OVA and L. dentata extract on biochemical blood parameters levels in serum.

Treatment Groups
Control Tween80 OVA EXT OVA+EXT
Triglycerides (mg/100ml) 0.71+0.05 1.03+0.09 1.42+0.29a 0.54+0.05 0.91+0.08b
Total Cholesterol (mg/100 ml) 0.65+0.09 0.88+0.09 0.97+0.14a 0.63+0.03 0.52+0.06b
Total Protein (g/L) 64.6+2.5 63.2+0.3 68.9+2.3 64.4+1.4 62.9+2.2
Albumin (g/L) 34.8+0.36 33.49+1.07 33.8+1.05 33.03+0.52 33.07+0.78
Globulin (g/L) 32.19+2.09 32.6+0.22 35.1+0.96 30.7+0.74 33.2+1.1
Urea (mg/100ml) 1.72+0.40 1.73+0.40 1.6+0.34 1.3+0.19 1.54+0.09
Creatinine (mg/100ml) 1.47+0.11 1.52+0.11 1.66+0.14 1.58+0.13 1.80+0.24
Glucose level (mg/100ml) 141.1+4.29 152.4+16.7 169.4+7.24a  76.80+1.06a  98.03+2.86ab
ALT activity (U/L) 82.99+0.68 82.35+2.50 83.45+2.10 82.12+1.83 83.22+1.73
AST activity (U/L) 150.39+2.27 147234223  147.50+3.18  149.29+3.17  145.15+2.38
GGT activity (U/L) 28.45+0.93 28.69+1.39 24.58+1.45a  25.02+0.85 25.41+£1.71
LDH activity (U/L) 235.7£5.18  238.21+3.86 239.6+3.70  233.13+6.64  245.72+10.88

Values are expressed as Means +SE. (n = 5). a Significant compared to the control group (p<0.05); b Significant compared
to the OVA group (p<0.05). Ovalbumin (OVA); Lavendula dentata extract (EXT); Alanine aminotransferase (ALT); Aspartate
aminotransferase (AST); gamma-glutamyl-transferase (GGT) and lactate dehydrogenase (LDH).

Table 3. The effect of OVA and L. dentata extract on oxidative stress biomarkers in lung tissues of male of male guinea pigs.

Treatment Groups
Control Tween80 OVA EXT OVA+EXT
MDA 0.77+0.029 1.92+0.37 42.7+1.66a 4.8+1.49 32.46+2.09ab
(nmol/100ml)
SOD (U/g) 7558.74248.3 7540.76£77.59 6776.3+27.94a 7792.6+151.72 7432.63+438.27
GSH (mg/g) 0.069+0.004 0.069+0.002 0.013+0.001a 0.055+0.005 0.037+0.004ab

Values are expressed as Means +SE. (n = 5). a Significant compared to the control group (p<0.05); b Significant compared to
the OVA group (p<0.05). Ovalbumin (OVA); Lavendula dentata extract (EXT); MDA (malondialdehyde); glutathione (GSH);
superoxide dismutases (SOD).

Table 4. The effect of OVA and L. dentata extract on total cell count in blood.

Treatment Groups
Control Tween80 OVA EXT OVA+EXT
RBCs (10°/ mm®) 7.80+0.07 8.21+0.17 7.88+0.08 7.14+0.42 7.334+0.49
WBCs (10° / mm*) 8.78+0.09 7.70+0.22 12.14+0.27a 9.16+0.79 11.42+0.57a
PLT (10° / mm’) 338.4+£5.97 389.6+26.34 363+16.94 403.84+28.76 377.4+39.65
Hgb (g/100ml) 17.84+0.17 18.88+0.10 17.80+0.15 17.20+0.67 17.12+0.79
RBCs (10°/ mm’ ) 7.80+0.07 8.21+0.17 7.88+0.08 7.14+0.42 7.334+0.49

Values are expressed as Means +SE. (n = 5); a Significant compared to the control group (p<0.05). Ovalbumin (OVA);
Lavendula dentata extract (EXT); red blood cells (RBC); White blood cells (WBC); Blood platelets (PLT).
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key step in developing asthmatic responses (Chang et al.,
2009). Elevated IgE levels in serum is an indication of
Th2 immune response (Bao et al., 2007). The treatment
with Lavender toothed extract led to a significant decrease
in the level of IgE when compared to OVA group, which
indicates that Lavender toothed extract has anti-asthma
effect by lowering IgE levels, the release of histamine and
TNF-alpha is induced by IgE (Kim et al., 2006). In serum
and extravascular spaces, IgG is the main Ig (Schroeder
Junior and Cavacini, 2010). There was no significant change
in IgG levels in all groups. Wilson et al. (2002) reported
that there was no increase in allergen-specific 1gG, and
this confirms the class-specificity of the response, which
indicates the important role of the local IgE response to
allergen (Wilson et al., 2002).

A clinical study has reported that hypercholesterolemia
is a possible risk factor for asthma (Al-Shawwa et al.,
2006). Human and animal studies reported that
hypercholesterolemia is related with high levels of
inflammation-sensitive plasma proteins (Engstrom et al.,
2002), it’s also associated with elevated expression of
pro-inflammatory genes, cellular adhesion molecules,
and pro-inflammatory cytokines (Scalia et al., 1998;
Stokes et al., 2002), therefore, lipid profiles in serum
might be related with immunological responses during
inflammation (Chang et al., 2009). OVA-sensitization
and challenge caused a significant increase in the content
of Cholesterol and triglycerides, and these studies
(Al-Shawwa et al., 2006; Chang et al., 2009) showed
similar results. Yeh and Huang (2004) stated that allergic
pulmonary inflammation is significantly associated with
serum cholesterol levels in sensitized male C57BL6
mice with ovalbumin. Although the treatments with
Lavender toothed extract caused a significant decrease
in triglycerides and total cholesterol, the results of this
study confirmed the hypolipidemic effects of Lavender
toothed extract in allergic asthma model.

Malondialdehyde (MDA) is an end-product of peroxidation
of cell membrane lipids caused by oxygen-derived free
radicals, and is considered a reliable marker of inflammatory
tissue damage. MDA is a marker of free radical-mediated
inflammatory damage, (Masini et al., 2005), and the
amount of MDA in lungs determines the level of lipid
peroxides (Abe et al., 2006). In this study, MDA levels
increased significantly in the lungs after OVA challenge in
comparison with control group. Airway inflammation and
hyper-reactivity in asthma are likely to involve oxidative
stress to the lungs. Excess production of ROS by immune
cells may have an important role in airway injury in asthma
(Dworski, 2000; Talati et al., 2006). Administration of
extract showed significantly-reduced MDA in guinea pig’s
lung homogenates, suggesting potential antioxidant effects,
this is in line with (Hancianu et al., 2013; Hui et al., 2010;
Wang et al., 2012). Hohmann et al. (1999) suggests that
Phenolic components in lavender toothed extracts were
evaluated for antioxidant activity (Hohmann et al., 1999).
The results showed that OVA dose did not cause any
significant changes in the total protein content, albumin and
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globulin in serum, and similar results have been reported
in many studies (Picado et al., 1999; Orozco-Levi et al.,
2001; Wilson et al., 2002), which indicates that there is a
balance in protein metabolism processes. The treatment
with extract showed no changes in the total protein content,
albumin and globulin.

In this study, creatinine and urea concentrations were
not affected by OVA treatment, the same results have
been reported in different studies (Cimerman et al., 2000;
Laing et al., 2000; Mahajan et al., 2009; Wiser et al., 2008).
Also, treatment with extract was in normal concentration
of creatinine and urea, which indicates normal kidney
function (Fox, 2016).

OVA sensitization and challenge results showed a
significant increase in glucose level, and this is in line
with (Gulcan et al., 2009). The disturbance of glucose
metabolism caused by inflammation-induced insulin resistance
may occur in asthmatic patients, and this phenomenon
may increase the risk of diabetes (Gulcan et al., 2009).
Also, the results have shown a significant decrease in
glucose level of the extract treatment, which indicates
that it has a hypoglycemic activity (Gamez et al., 1988;
Sosa et al., 2005)

The lungs are constantly exposed to many atmospheric
pollutants, such as cigarette smoke, ozone, and nitrogen
dioxide, and is also at risk from oxidant injury by inhalation
of high concentrations of oxygen. It is a major target
for circulating oxidants and xenobiotics, due to its large
endothelial surface area. Hence, the lungs are one of the
major sources for GSH storage (6.1-17.5 nmol/mg lung),
which accounts for 90% of intra-cellular non-protein thiols
(Meister, 1991). Most intra-cellular glutathione occurs
as reduced GSH depending on the cell type (Meister and
Anderson, 1983).

GSH concentration varies throughout the respiratory
tract, it is lower in nasal cavity lining fluid than in alveoli
lining fluid. GSH levels in the epithelial lining fluid of
the lungs are approximately 100 times higher than that
of plasma (Cross et al., 1994). Alteration in alveolar and
lung GSH metabolism are widely recognized as a central
feature of many inflammatory lung diseases such as asthma
(Lee et al., 2006). In this study, asthma model, OVA
sensitization and challenge caused a significant decrease in
GSH level, and these results are in line with (Kloek et al.,
2010; Lee et al., 2006). Lawrence et al. (2000) suggests
that the role of GSH in immune regulation remains to
be determined, and several studies have demonstrated
a correlation between decreased GSH and immune
suppression (Droge et al., 1986; Yim et al., 1994). Also,
the results of this study showed that levels of GSH were
increased when treated with lavender toothed extract,
which indicates the effectiveness of lavender plant as an
antioxidant (Chu and Kemper, 2001; Wang et al., 2012).
Lopez et al. (2007) deduced that polyphenol has the highest
radical scavenger capacity which shows the antioxidant
activity of these compounds. In this study, we observed
a significant decrease in the activity of GGT enzyme of
the OVA group. However, there were no changes in the
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activity of GGT enzyme of the extract group. GGT enzyme
is one of the most widely used clinical indicators of tissue
damage, and it is an important enzyme in metabolism of
extracellular glutathione. It is also a key to glutathione
homeostasis because it provides substrates for glutathione
synthesis (Heisterkamp et al., 2008).

The lung contains high levels of antioxidant resources
that prevent airway-borne oxidant injury. SOD is an essential
antioxidant that catalyzes superoxide radical to hydrogen
peroxide (Fattman et al., 2003). Combhair et al. (2005) study
hypothesized that impaired SOD antioxidant defense is a
primary event in the pathophysiology of hyperresponsiveness
and remodeling which induces apoptosis and shedding of
airway epithelial cells. These results show a significant
decrease in SOD activity after OVA sensitization and
challenge, this is consistent with (Combhair et al., 2005;
Duetal., 1998; Masini et al., 2005). These findings support
a link between SOD activity and physiological parameters
of asthma severity (Combhair et al., 2005). SOD enzymes
are a primary component of the antioxidant defense system
that limits lung injury from oxygen radicals, but they are
prone to inactivation by superoxide radicals (Bowler and
Crapo, 2002). In fact, chronic asthma patients have reduced
levels of SOD activity in cells and epithelial lining fluid
of lungs as compared to healthy control subjects (Barnes,
1990). However, SOD levels were normal after treatment
with lavender toothed extract as compared to control group.
Lavender is reported to have antioxidant effects.

In this study, both ALT and AST levels were normal in
plasma, which confirms absence of liver toxicity effects.
ALT and AST are known as indicators of hepatocellular
damage (Yang et al., 2008). LDH is a cytoplasmic enzyme
present in essentially all major organ systems, and the
extracellular appearance of LDH has been used to detect
cell damage or cell death (Click Junior, 1969). Thus,
measurement of LDH activity is a sensitive indicator of lung
damage or inflammation (Drent et al., 1996). This study
shows that OVA dose did not cause any significant change
in LDH activity, also the administration of extract showed
a normal activity of LDH in plasma.

In asthma model, OVA sensitization and challenge
marked a significant increase in WBC count as compared
to the control group. Total WBC count increased because of
increased differential cell counts in blood (Mahajan et al.,
2009), such as eosinophils, neutrophils and basophil (Umetsu
and DeKruyff, 2010). This study showed that treatment
with extract results in a significant decrease in WBC count
when compared with OVA group, which means the extract
has anti-inflammatory effects (Hajhashemi et al., 2003;
Shubina et al., 1990; Sosa et al., 2005).

5. Conclusions

These findings confirm the potential effects of the
aromatic plant Lavandula dentate extract, it has an
anti-asthma, anti-inflammatory, hypolipidemic, antioxidant
and hypoglycemic activity,
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