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Abstract:

Different pharmacological effects from Nigella sativa have been demonstrated in guinea pig tracheal chains in previous studies. In

the present study, the prophylactic effects of thymoquinone on lung pathology as well as blood IL-4 and IFN-� levels in sensitized

guinea pigs were examined. Three groups of guinea pigs sensitized to ovalbumin were given drinking water alone (group S) or drink-

ing water containing low (LTQ) or high (HTQ) concentrations of thymoquinone (groups S + LTQ and S + HTQ). The lung pathology

as well as blood IL-4 and IFN-� levels of the sensitized and the control guinea pigs were evaluated in three sensitized and one control

group (n = 8, for all groups). The lungs of the S group showed significant pathological changes (p < 0.001). Blood IL-4 and IFN-�

levels were increased in the sensitized animals compared to those of controls (p < 0.01 and p < 0.001, respectively). Treatment of the

S animals with thymoquinone significantly improved their pathological changes to the lung and decreased their IL-4 levels (p < 0.05

to p < 0.001) but increased their IFN-� levels (p < 0.001). These results showed a preventive effect of thymoquinone on lung inflam-

mation in sensitized guinea pigs.
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Introduction

Asthma is an inflammatory disorder of the airway

[13]. Many inflammatory cells, including eosinophils,

mast cells, macrophages and neutrophils, are involved

in the pathogenesis of airway inflammation in asthma

[27]. These inflammatory cells produce more reactive

oxygen species than cells obtained from normal sub-

jects [14]. Reactive oxygen species contract airway

smooth muscles and simulate both histamine release

from mast cells and mucus secretion from airway

epithelial cells [1].

Thymoquinone (TQ), the main constituent of Ni-

gella sativa seeds [6, 7, 17, 29], has been shown to ex-

hibit antioxidant properties. It inhibits the production
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of 5-hydroxyeicosatetraenoic acid and 5-lipoxygenase

products [18]. Both Nigella sativa oil and TQ can par-

tially protect the gastric mucosa from acute alcohol-

induced mucosal injury, which is ascribed to their

radical scavenging activity [25]. The neuroprotective

effects of TQ against transient forebrain ischemia-

induced neuronal damage in the rat hippocampus has

also been reported [3] in addition to the protective ef-

fects of TQ against doxorubicin-induced cardiotoxic-

ity [4].

The anti-proliferative effects of TQ have been

demonstrated in cancer and normal cell lines, includ-

ing canine osteocarcinoma (COS31) and its cisplatin-

resistant variant (COS31/rCDDP), human breast ade-

nocarcinoma (MCF-7), human ovarian adenocarci-

noma (BG-1) and Mandin-Darby canine (MDCK)

cells [37]. The preventive effects of TQ on the prolif-

eration of a PANC-1 cell line in culture were also

demonstrated [39].

It has also been shown that TQ triggers apoptosis

in HCT-116 cells in a dose- and time-dependent man-

ner [40]. TQ has been shown to initiate apoptosis,

even via p53-independent pathways, through the acti-

vation of caspase-3, 8 and 9 in p53-null myeloblastic

leukemia HL-60 cells [19]. These results are also sup-

ported by reports using prostate and other cancer cells

[26, 35]. These effects are believed to be caused by

the up-regulation of the pro-apoptotic Bax protein

along with the down-regulation of anti-apoptotic ef-

fects.

The immunomodulatory and immunotherapeutic

potentials of black seed oil and its active ingredients

have been discussed by Salem [29]. El-Mahmoudy

and co-workers [20, 21] found that TQ normalized the

elevated nitrite and cytokine profiles both in vitro and

in vivo but had no significant effect on the already de-

creased parameters in chronically affected Otsuka

Long-Evans Tokushima Fatty (OLETF) rats.

The therapeutic effects of N. sativa oil, which in-

cludes TQ as its principal active agent, on patients

with allergic diseases (including allergic rhinitis,

bronchial asthma, and atopic eczema) were also dem-

onstrated [24]. Furthermore, Ali and Blunden [2]

showed that most of the biological activity of N. sa-

tiva is due to TQ, the major component of the essen-

tial oil. The anti-inflammatory activity of TQ in ex-

perimental asthma has been showed previously [16].

Although our previous study showed that N. sativa

had a relaxant effect on guinea pig tracheal chains, in

another study, we showed that this relaxant effect is

not due to its constituent, TQ [8]. A possible prophy-

lactic effect of this plant was also shown in asthmatic

patients [9].

Therefore, the effect of TQ on lung inflammation

(lung pathology and cytokines) of sensitized guinea

pigs was examined in the present study.

Materials and Methods

Animal sensitization and animal groups

Sensitization of the animals to ovalbumin (OA) was

performed using the method described by McCaig

[30, 31]. Briefly, adult Dunkin-Hartley guinea pigs

(400–700 g, both sexes) were sensitized to OA

(Sigma Chemical Ltd., UK) by injecting 100 mg, ip

and 100 mg, sc on day one and a further 10 mg, ip on

day eight. From day 14, sensitized animals were ex-

posed to an aerosol of 4% OA for 18 ± 1 days for 4

min daily. The aerosol was administered in a closed

chamber of dimensions 30 × 20 × 20 cm using a nebu-

lizer (CX3, Omron Healthcare Europe B.V., Nether-

lands). Control animals were treated similarly, but sa-

line was used instead of the OA solution. The study

was approved by the ethical committee of the Tabriz

University of Medical Sciences. Animals were housed

in individual cages with access to food and water ad

libitum and were maintained at 22 ± 2°C on a 12 h

light/dark cycle (light period between 07:00 and

19:00 h).

The study was performed in control animals (group

C, which was treated the same as the sensitized group

but with normal saline used instead of OA, and the

animals were given drinking water alone) and three

different groups of sensitized animals that were given

various types of drinking water during the sensitiza-

tion period as follows (n = 8 for each group):

1) Drinking water alone (group S, sensitized group).

2) Drinking water containing 20 µM (0.0033 w/v) TQ

(Aldrich Chemical Co., Germany) (group S + LTQ).

3) Drinking water containing 40 µM (0.0066 g %) TQ

(group S + HTQ).
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Pathological evaluation

Guinea pigs were sacrificed by a cervical dislocation,

and their lungs and trachea were removed and placed

into 10% buffered formalin (37%, Merck, Germany).

Seven days later, the tissues were dried using an Au-

totechnicon apparatus by passage of the tissues

through 70 ethanol and xylol to clear the tissues and

then paraffin block the tissues. The specimens were

cut into 4-µm slices and stained with hematoxylin and

eosin (H&E stain). The tissues were then evaluated

under a light microscope.

Measurement of blood interleukin 4 (IL-4) and

interferon-���IFN-�� levels

Five milliliters of peripheral blood was obtained im-

mediately after sacrificing the animals and placed at

room temperature for one hour. The samples were

then centrifuged at 2500 rpm at 4°C for 5 min. The

supernatant was collected and immediately stored at

–70°C until analyzed. Finally, blood IL-4 and IFN-�

levels were measured using the sandwich ELISA

method. The ELISA kits were purchased from Bender

MedSystems, Sankt Pölten, Austria.

Statistical analysis

The data for pathological scores and IL-4 and IFN-�

level were quoted as the mean ± SEM. According to

the Kolmogorov-Smirnov test, the data had a normal

distribution. The data from the sensitized group were

compared with those of the control guinea pigs using

the unpaired Student’s t-test. The data from the two

groups of animals treated with TQ were also com-

pared with those of the sensitized guinea pigs using

the unpaired “t” test. In addition, the data between the

two groups of animals treated with TQ were com-

pared using the unpaired “t” test. Values of p < 0.05

were considered significant.

Results

Pathology

The following pathological changes in the lungs of

the S groups were observeded: eosinophil and lym-

phocyte infiltration, local epithelial necrosis and mu-

cosal plug. These changes were scored as follows: no

pathologic changes = 0, patchy changes = 0.5, local

changes = 1, scattered changes = 2, severe changes (in

the most parts of the lung) = 3.

With regard to this scoring, all pathological

changes in the S group, including the eosinophil infiltra-

tion (2.68 ± 0.16), lymphocyte infiltration (1.87 ± 0.20),

local epithelial necrosis (2.31 ± 0.21) and mucosal plug

(2.43 ± 0.17), were significantly higher than in the con-

trol group (0.22 ± 0.14, 0.68 ± 0.12, 0.16 ± 0.09 and

0.16 ± 0.10 for eosinophil infiltration, lymphocyte in-

filtration, epithelial necrosis and mucosal plug, re-

spectively, p < 0.001 for all cases, Fig. 1 and 2).

Pretreatment with both concentrations of TQ caused

a significant improvement in all pathological changes in

the sensitized animals except for in lymphocyte infiltra-

tion (p < 0.05 to p < 0.001, Fig. 1 and 2). However, there

were still significant differences in the pathological

changes between group C and the pre-treatment groups

(p < 0.01 to p < 0.001, Fig. 1 and 2).

There were no differences in the pathological changes

between the high and low concentrations of TQ.

IL-4 and IFN-� levels

The mean value of the blood IL-4 levels in group S

(4.90 ± 0.15) was significantly higher than that of

912 �����������	��� 
������ ����� ��� �������

Fig. 1. Photographs of a lung specimen in guinea pigs: a – control
normal lung tissues (C, magnification 10 � 40); b – sensitized (S,
magnification 10 � 40) with local epithelial necrosis (N), mucus-filled
bronchus (MP), eosinophil (EI) and lymphocyte infiltration (LI); c – S
treated with low dose of thymoquinone (S + LTQ, magnification 10 �

40); and d – S treated with high dose of thymoquinone (S + HTQ,
magnification 10 � 10) (for each group, n = 8)



group C (3.52 ± 0.37, p < 0.01) (Fig. 3a). The blood

IL-4 levels in the treated groups, S + LTQ (3.85 ± 0.28)

and S + HTQ (3.50 ± 0.23), showed significant im-

provement compared to those of the S group (p < 0.01

and p < 0.001, respectively, Fig. 3a). However, the mean

values of the IL-4 in these groups were not signifi-

cantly higher than those of group C (Fig. 3a).

The mean value of the blood IFN-� levels of group

S (3.86 ± 0.21) was significantly higher than that of

group C (1.21 ± 0.21, p < 0.001) (Fig. 3b). Treatment

with both concentrations of TQ caused a significant

increase in blood IFN-� in the S + LTQ (5.23 ± 0.21)

and S + HTQ (5.56 ± 0.27) groups compared to that of

the S group (p < 0.01 and p < 0.001, respectively, Fig.

3b). In addition, the mean value of IFN-� in these

groups was significantly higher than in group C (p <

0.001 for all cases, Fig. 3b).

Differences in different parameters between the

two concentrations of TQ

The lung pathological changes in animals treated with

the lower concentration of TQ were not significantly

greater than those treated with the higher concentra-

tion (Tab. 1).

The blood IL-4 levels in animals treated with the

lower concentration of TQ were not significantly

greater than those of the higher concentration group.

However, the blood IFN-� levels in the S + LTQ

group were lower than those of the S + HTQ animals

(Tab. 2).

Discussion

In the present study, the preventive effects of long-

term administration of TQ, one main constituent of N.

sativa, on the pathological changes of the lung and the

level of cytokines (IL-4 and IFN-�) in the blood were

examined. The results showed increased IL-4 and

IFN-� levels in sensitized animals compared to con-

trol animals. Histological evaluation of the lung tis-

sues also showed the infiltration of eosinophils and

lymphocytes in the lung parenchyma, epithelial dam-
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Fig. 3. The blood IL-4 (a) and IFN-� (b) levels
(pg/ml) in control, sensitized (S), S treated with
low dose of thymoquinone (S + LTQ) and S
treated with high dose of thymoquinone (S +
HTQ) guinea pigs (for each group, n = 8). Sta-
tistical differences between the control and the
different groups: ns – no significant difference,
++ p < 0.01, +++ p < 0.001. Statistical differ-
ences between the S + LTQ and S + HTQ vs.

the sensitized group: ** p < 0.01, *** p < 0.001

Fig. 2. The eosinophil infiltration (a), lymphocyte infiltration (b),
epithelial necrosis (c) and mucosal plug (d) of lungs in control, sensi-
tized (S), S treated with low dose of thymoquinone (S + LTQ) and S
treated with high dose of thymoquinone (S + HTQ) guinea pigs (for
each group, n = 8). Statistical differences between the control and
the different groups: ++ p < 0.01, +++ p < 0.001. Statistical differ-
ences between S + LTQ and S + HTQ vs. the sensitized group: NS –
no significant difference,* p < 0.05, ** p < 0.01, *** p < 0.001



age and mucosal plugs, which were similar to the re-

sults of previous studies [5, 11].

The pretreatment of sensitized animals with TQ

prevented increased IL-4 levels in sensitized guinea

pigs. In addition, the pretreatment of sensitized ani-

mals with TQ increased IFN-� levels and improved al-

most all lung histological changes.

Prophylactic drugs used in treatment of asthma

should reduce airway inflammation, which is the

main pathological feature of this disease. Thus, the ef-

fect of long-term administration of TQ, the main con-

stituent of N. sativa, on blood cytokines and patho-

logical changes in sensitized animals is perhaps due to

its suppressive effect on lung inflammation. The es-

sential oil from N. sativa and TQ both have been

shown to have inhibitory effects on both the cyclo-

oxygenase and 5-lipoxygenase pathways of arachi-

donic acid metabolism as well as on membrane lipid

peroxidation [23]. Furthermore, the anti-inflammatory

activity of both systemic and local administrations of

the essential oil from this plant [22] supports the ef-

fect of TQ on lung inflammation. The inhibitory ef-

fect of this plant on the histamine (H1) receptor [10,

12] and its antitussive effect [11] observed in our pre-

vious study can contribute to the anti-inflammatory

effect of N. sativa, which could be due to its constitu-

ent TQ.

The therapeutic effect of N. sativa oil on patients

with allergic diseases (allergic rhinitis, bronchial

asthma and atopic eczema) was also demonstrated

[24]. In addition, Salem summarized the immuno-

modulatory and therapeutic properties of the N. sativa

seed and emphasized the potent immunomodulatory

effects of this plant [29]. Furthermore, Ali and Blun-

den also summarized the different pharmacological

effects of N. sativa, including its effects on asthma,

inflammation and the immune system, and indicated

its different constituents [2]. All of these effects could

be due to its main constituent, TQ.

However, the exact mechanism(s) of action of TQ

is not fully understood. One proposed mechanism of

action is its regulation of the Th1 and Th2 balance. It

was shown that the inflammatory condition of an

asthmatic lung is regulated by the balance of these

two mutually inhibited subsets of CD4 + helper T

cells. Th1 cells produce IL-2 and IFN-� but little or no

IL-4, whereas Th2 cells produce IL-4 and IL-10 but

no IFN-� or IL-2 [32]. Th2 cells promote the activity

of macrophages and regulate the pro-inflammatory re-

sponse, whereas Th1 cells inhibit the activity of

macrophages directly or indirectly by inhibiting Th2

activity and thus regulate the anti-inflammatory re-

sponse [32]. In fact, asthma is associated with a shift

in immune responses away from a Th1 (IFN-�) pat-

tern and toward a Th2 (IL-4, IL-5 and IL-13) profile.

CD4 + Th2 cells are commonly considered to initiate

and perpetuate asthma. Tolerance to allergens is

a mechanism that normally prevents Th2-based im-

mune responses [34, 36]. A reduction in IL-4 and an

914 �����������	��� 
������ ����� ��� �������

Tab. 1. Pathological findings in control (C), sensitized (S), S treated
with a low dose of thymoquinone (S + LTQ) and S treated with a high
dose of thymoquinone (S + HTQ) guinea pigs (for each group, n = 8)

Pathological
findings

C S S + LTQ S + HTQ

Eosinophil
infiltration

0.22 ± 0.14 2.68 ± 0.16 1.53 ± 0.13 1.34 ± 0.13

NS

Lymphocyte
infiltration

0.68 ± 0.12 1.87 ± 0.20 1.81 ± 0.07 1.68 ± 0.10

NS

Local
epithelial
necrosis

0.16 ± 0.09 2.31 ± 0.21 1.40 ± 0.15 1.28 ± 0.11

NS

Mucosal plug 0.16 ± 0.10 2.43 ± 0.17 0.93 ± 0.09 0.84 ± 0.06

Values are presented as the mean ± SEM. Statistical differences be-
tween the two concentrations of TQ: NS – no significant difference.
The scoring of the pathological changes was as follows: no patho-
logical changes = 0, patchy changes = 0.5, local changes = 1, scat-
tered changes = 2 and severe changes (in the most parts of the lung)
= 3

Tab. 2. Values of blood IL-4 and IFN-� levels (pg/ml) in control (C),
sensitized (S), S treated with a low dose of thymoquinone (S + LTQ)
and S treated with a high dose of thymoquinone (S + HTQ) guinea
pigs (for each group, n = 8)

C S S + LTQ S + HTQ

IL-4 3.52 ± 0.37 4.90 ± 0.15 3.85 ± 0.28 3.5 ± 0.23

NS

IFN-� 1.21 ± 0.13 3.86 ± 0.21 5.23 ± 0.21 5.56 ± 0.27

NS

Values are presented as the mean ± SEM. Statistical differences be-
tween the two concentrations of TQ: NS – no significant difference



increase in IFN-� in the serum of sensitized animals

treated with TQ may indicate its stimulatory effect on

Th1 and a suppressive effect on Th2 cells. In fact, it

has been shown that mice deficient in the IL-13 (and

IL-4) signaling molecule signal transducer and activa-

tor of transcription 6 (STAT6) fail to develop

allergen-induced AHR and mucus hyperplasia [28].

The other mechanism of the effect of TQ is its anti-

oxidant effect. Oxidative stress plays an important

role in asthmatic airway inflammation, and significant

decreases of various components of both enzymatic

and nonenzymatic antioxidant defenses have been

shown in asthma [33]. Oxidative stress plays a role in

the production of airway responsiveness in mice [38].

In fact, the inhibitory effects of the essential oil from

N. sativa and TQ on both the cyclooxygenase and 5-

lipoxygenase pathways of arachidonic acid metabo-

lism and on membrane lipid peroxidation [23] support

the anti-oxidative effects of TQ. The results of the

present study were supported by the findings of a pre-

vious study by El Gazzar et al. [15]. However, the

methods of sensitization, the studied animals, the cy-

tokine profile, the pathological parameter and the

route of TQ administration in the present study were

different from those of El Gazzar et al. [15].

The absence of a significant difference in the effect

of the two concentrations of TQ may indicate that the

maximum preventive effect of TQ was obtained at the

low concentration used.

Therefore, the therapeutic effects of this plant,

which is indicated in ancient Iranian medical books,

on respiratory diseases including asthma could be due

to its constituent TQ.

In conclusion, these results indicate the effect of

TQ on pathological and cytokine changes in sensi-

tized guinea pigs that could indicate the prophylactic

effects of this substance on asthma.
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