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ABSTRACT 
 

The oil extract of black cumin (Nigella sativa) seeds contains thymoquinone (TQ), which exerts anti-
inflammatory, anti-bacterial, anti-fungal and immunomodulatory effects. The biological activity of the active 
principle explains the beneficial effects of black cumin seeds or extracts in the treatment of human patients with 
allergic diseases and asthma. In this study we aimed to investigate the ameliorative effect of thymoquinone on 
percentage of different types of leucocytes, phagocytic, chemotactic and chemokinatic activity of blood 
leucocytes, and antibody production in rats that sensitized by Aspergillus fumigatus spores. It was found that 
administration of Aspergillus fumigatus spores increased significantly the percentage of eosinophils 
(insignificant increase at the sixth week), chemotactic index, IgE and IgG allover the experiment; neutrophil and 
basophil count were mostly increased, in addition to lymphocyte and monocyte percentages which increased 
only in two weeks. Results of chemokinatic index were fluctuated. On the other hand, administration of TQ 
alone or combined with Aspergillus fumigates spores apparently alleviated the values of neutrophil, basophil, 
lymphocyte and chemotactic index compared to the control groups. Also, administration of TQ alleviated the 
values of phagocytic activity of blood leucocytes compared to Aspergillus fumigates group. Our data 
recommends TQ supplementation for ameliorating airway inflammation in Aspergillus fumigatus sensitized rats 
by enhancing immune efficiency. 

 
Key words: Thymoquinone, Aspergillus fumigatus, allergic asthma, phagocytic activity, Chemotaxis,  
                    Chemokinesis, IgE and IgG. 
 
 Introduction 
 

The interaction between environmental and genetic factors with the immune system may lead to the 
development of allergic diseases. So that, it is important to understand the nature of environmental triggers in 
attempt to prevent/reduce allergic   diseases such as bronchial asthma. Among the environmental triggers is the 
exposure to common aeroallergens, especially perennial inhalable allergens such as house dust mites, cockroach 
allergen, pollutant and fungal spores that is associated with a significantly increased risk for asthma. Fungal 
spores (especially Aspergillus fumigatus spores) are important in bronchial asthma incidence, since their growth 
is a common problem in moisture and water-damaged buildings (Becker & Chan-Yeung, 2008). 

Asthma is a common immune-mediated disorder characterized by reversible airway inflammation, mucus 
production, and variable airflow obstruction with airways hyperresponsiveness (Afshar et al., 2008). Many 
research teams investigated that the generation of oxygen free radicals by activated inflammatory cells produces 
many of the pathophysiological changes associated with asthma and may contribute to its pathogenesis (Shailaja 
et al., 2007). Allergic asthma is a classic T helper type 2 (Th2) respiratory diseases, leading to bronchial asthma 
which is characterized by recurrent attacks of breathlessness and wheezing (Galli et al., 2008). 

 In allergic asthma, allergen exposure stimulates eosinophilic inflammation of the airways associated with 
infiltration of T cells. Although the recruitment of eosinophils into the airways is an important component in the 
pathogenesis of asthma, the trafficking of T lymphocytes into the airways is now believed to establish and 
orchestrate the asthmatic inflammatory response (Afshar et al., 2008). 

 Aspergillus infections are among the most feared opportunistic infections in humans. Aspergillus fungi are 
ubiquitous in nature; and their surface is highly hydrophobic, allowing them to remain suspended in the air for 
long periods of time, thus, exposure to their spores could be a common event. Aspergillus is saprophytic in soil 
and on many kinds of decaying organic matters. The importance of air-borne fungal spores as allergens in man 
is being increasingly recognized of the fungi, the Aspergillus genus, and in particular Aspergillus fumigatus. 
One key difference between Aspergillus fumigatus and other allergens are that the fungus can germinate and 
colonize on the respiratory tract. Exposure to Aspergillus spores on inhalation trigger an IgE-mediated allergic 
inflammatory response in the bronchial airways, leading to allergic bronchopulmonary aspergillosis and asthma 
(Rivera et al., 2006). 
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 Nigella sativa (Black cumin)   is an annual herbaceous plant used as a natural remedy for over 4000 years 

in various parts of the world for a number of illnesses and conditions that include asthma, hypertension, 
inflammation, cough and bronchitis (Worthen et al., 1998).  

Nowadays, the broad commercial production of Nigella sativa seeds oil by the pharmaceutical companies 
and its use for treating many diseases that improve health and increase body immunity, has acted as a great 
stimulus to research for its role in the body as an immuno-stimulant (Abdel-Ghany et al., 1996). Black cumin 
seeds have been reported to contain essential oil (thymoquinone), fixed oil, flavonoids, saponins, alkaloids and 
proteins. N. sativa oil (thymoquinone) has been used in treatment of bronchial asthma in children and adults, 
depending on its analgesic, anti-inflammatory and antifungal effects (Al-Ghamdi, 2001).                         

 
Materials And Methods 

 
Experimental animals: 

 
One hundred and ninety eight adult male albino rats (Rattus norvegicus) weighing 100-120 g were obtained 

from the General Organization of Serum and Vaccine (GOSV), Helwan farm, Egypt. All animal procedures 
were performed in accordance to the guidelines for the care and use of experimental animals of the Committee 
for the Purpose of Supervision of Experiments on Animals (CPSEA) and the National Institutes of Health 
(NIH). The study protocol was approved by the Animal Ethics Committee of the Zoology Department at the 
College of Science, Minia University according to Helsinki principles. The animals were allowed to acclimatize 
in metal cages inside a well-ventilated room for 2 weeks prior to the experiment. They were maintained under 
standard laboratory conditions (23°C, relative humidity 60-70% and a 12 hr light/dark cycle) and were fed a diet 
of standard commercial pellets and water.  

 
Preparation of thymoquinone: 

 
TQ and TWEEN 20% were purchased from Sigma Chemical Company (St Louis, MO, USA). The 

compound was > 99% pure and reconstituted in TWEEN 20% at a concentration of 4 mg/ml. This stock was 
stored at 4°C in 15-ml centrifuge tubes wrapped in aluminum foil to prevent dimer formation. 
 
Preparation of Aspergillus fumigatus spores suspension: 

 
Aspergillus fumigatus was grown on 23 mL potato dextrose agar medium (Difco Laboratories, Detroit, MI) 

supplemented with 1 g L-1 yeast extract (PDAY; Technical; Difco) in petri dishes (polystyrene, 100 x 15 mm) in 
the dark at 28°C for 5 days.  Spores were carefully scraped from the agar surface; suspended in 250 mL Tween 
80 (Sigma-Aldrich Chemie, St. Louis, MO) solution (0.01% vol ⁄ vol); filtered through gauze; centrifuged (20 
min at 5000 g), the conidial pellet resuspended in phosphate-buffered saline (PBS; 10 mM potassium phosphate, 
150 mM NaCl, pH 7.4); and the concentration of spores in the suspension was counted using a haemocytometer. 
The suspension was then diluted to the desired concentration, and the concentration of spores was again 
measured before administration (Nascimento et al., 2010).    

 
Experimental design: 

 
Eighteen adult male albino rats (Rattus norvegicus), weighing 100-120 g, were used in preliminary study to 

determine the period of Aspergillus fumigatus administration and this preliminary study indicated that 
symptoms of allergic asthma like enphyzema begin to appear at the 4th week post-injection. In the actual study, 
animals were grouped into eleven groups; the first group is normal (injected free) (N0), five groups are control 
and the other five groups are treated, where each group consisted of eighteen animals. The first control group 
(C1) was injected intranasal once every three days for 6 weeks with 0.05 µ g ⁄ kg b.wt. of Phosphate Buffer 
Saline (PBS) which is the suspending medium of Aspergillus fumigatus spores. The second control group (C2) 
was injected intraperitonealy once every three days for 6 weeks with 0.1 µ g ⁄ kg b.wt. of TWEEN 20 which is 
the solvent of thymoquinone. The third control group (C3) was injected intranasal with 0.05 µ g ⁄ kg b.wt. of 
PBS and  intraperitonealy with 0.05 µ g ⁄ kg b.wt. of TWEEN 20 at the same time once every three days for 6 
weeks. The fourth control group (C4) was injected intranasal once every three days for 4 weeks with 0.05 µ g ⁄ 
kg b.wt. of PBS, then , it was injected intaperitonealy once every three days for another 2 weeks with 0.1 µ g ⁄ 
kg b.wt. of TWEEN 20. The fifth control group (C5) was injected intraperitonealy once every three days for 2 
weeks with 0.1 µ g ⁄ kg b.wt. of TWEEN 20, then , it was injected  intranasal once every three days for another 4 
weeks  with 0.05 µ g ⁄ kg b.wt. of PBS. The first treated group (T1) was injected intranasal once every three days 
for 6 weeks with 0.05 µ g ⁄ kg b.wt . of Aspergillus fumigatus spores suspension. The second treated group (T2) 
was injected intraperitonealy once every three days for 6 weeks with 0.1 µ g ⁄ kg b .wt. of thymoquinone. The 
third treated group (T3) was injected intranasal with 0.05 µ g ⁄ kg b.w t. of Aspergillus fumigatus spores 
suspension and  intraperitonealy with 0.05 µ g ⁄ kg b.wt. of thymoquinone at the same time once every three 
days for 6 weeks. The fourth treated group (T4) was injected intranasal once every three days for 4 weeks with 
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0.05 µ g ⁄ kg b.wt. of Aspergillus fumigatus spores suspension, then it was injected intaperitonealy once every 
three days for another 2 weeks with 0.1 µ g ⁄ kg b.wt. of thymoquinone. The fifth treated group (T5) was injected 
intraperitonealy once every three days for 2 weeks with 0.1 µ g ⁄ kg b.wt. of thymoquinone, then , it was injected  
intranasal once every three days for another 4 weeks  with 0.05 µ g ⁄ kg b.wt.  of Aspergillus fumigatus spores 
suspension (Table 1).  

 
Table 1: 

           Time/weeks 
Groups W1 W2 W3 W4 W5 W6 
N0 F-I F-I F-I F-I F-I F-I 
C1(PBS) PBS(IN) PBS PBS PBS PBS PBS 
C2(TW20%) TW20(IP) TW20 TW20 TW20 TW20 TW20 
C3(PBS+TW20%) PBS(IN)+TW20(IP) PBS+TW20 PBS+TW20 PBS+TW20 PBS+TW20 PBS+TW20 
C4(PBS-TW20%) PBS(IN) PBS PBS PBS TW20(IP) TW20 
C5(TW20%-PBS) TW20(IP) TW20 PBS(IN) PBS PBS PBS 
T1(AF) AFs

(IN) AFs AFs AFs AFs AFs 
T2(TQ) TQ(IP) TQ TQ TQ TQ TQ 
T3(AF+TQ) AFs

(IN)+TQ(IP) AFs+TQ AFs+TQ AFs+TQ AFs+TQ AFs+TQ 
T4(AF-TQ) AFs

(IN) AFs AFs AFs TQ(IP) TQ 
T5(TQ-AF) TQ(IP) TQ AFs

(IN) AFs AFs AFs 
F-I= Free-Injection              (IN)= Intra-nasal injection                  (IP)= Intra-peritoneal injection 
PBS= Phosphate buffer saline            TW20= TWEEN20 AFs= Aspergillus fumigatus spores      TQ= Thymoquinone 
 
Collection of blood and tissue samples: 

 
After each duration, rats of control and treated groups were sacrificed and two blood samples were 

immediately collected. The first sample was collected in heparinized tube (2.25µ heparine / 5 ml blood) for the 
blood picture, phagocytosis, chemotaxis and chemokinesis. The  second  sample  was  collected  in non–
heparinized tube  and  centrifuged  for 5 minutes at 10000 rpm to separate serum which stored at ( -80ºC ) to 
measure serum immunoglobulin content. 

 
I-Haematological Studies: 
 
1-Differential leucocytes count: 

 
The percentage of each type of the total leucocyte population, in relation to the total WBCs count, was 

determined by Schalm et al. (1975).  
 

II- Immunological Studies: 
 
1-Innate immune response: 
 
a-Phagocytosis: 

 
 In vivo, the activity of phagocytic cells was examined using phase contrast microscopy as described by 

Abu El-Maged (1991).  
In vitro, phagocytosis assay was tested essentially as described by Hay and Westwood (2002).  
 

b-The agarose gel assay (Chemotaxis movement assay) 
 
A chemotaxis assay was established according to El-Feki (1994) and Comer et al., 2005.   
 

c-The micropore filter assay (chemokinetic assay) 
 
A chemokinetic assay was established according to Gearing & Rimmer (1985) and El-Feki (1994).   

 
2- Humoral immune response: 
 
Determination of serum IgG and IgE: 

 
Serum IgG and IgE levels were determined by an Enzyme-Linked Immunosorbent Assay (ELISA). The rat 

IgG ELISA kit (catalog number: 5010-2; Life Diagnostics, Inc., West Chester) is designed for measurement of 
IgG in rat serum. The rat IgE ELISA kit (catalog number: 40-374-130014 Lot # 5; GenWay Biotech, Inc., San 
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Diego) is designed for measurement of IgE in rat serum. The serum IgG and IgE levels were expressed as 
nanograms per milliliter of serum with a standard curve (Chang et al., 2009). 

 
III-Statistical Analysis: 

 
Statistical analysis of the present data was performed throughout one way analysis of variance (ANOVA 

test). The results were expressed and drawn using the mean± standard error (M± SE) and differences were 
considered to be significant at (P< 0.05), highly significant at (P<0.01) and very highly significant at (P<0.001). 

 
Results: 
 
I-Haematological Studies: 
 
Differential count of leucocytes: 
 
Neutrophils:  

 
All the groups were equalized in all results, where the first, second, fourth and sixth weeks were decreased 

except at the T1 and T5 groups where they were increased at the sixth week although in all groups the third and 
fifth weeks were increased, reaching its maximum value (20.67± 0.33) at the third week of group T3 (Table 2).  
 
Eosinophils: 

 
Data of table (3) revealed no change in the percentage of eosinophils for all groups in the first week except 

at T1 and T4 groups. Moreover, T5 group after 2 weeks has not recorded any change too. While from the second 
to the sixth weeks all groups were increased, peaking at the second week of group T1 and T4 (5.33 ± 0.88), 
except of group T2  in the second, third  and sixth weeks and also, T3 group  in the fifth and sixth weeks. 
 
Basophils: 

 
Results of the basophils showed an obvious increase in all the groups at the first 3 weeks (2.00± 0.00) 

except of the thymoquinone treated one (T2). While results of group T4 are normalized after 2 and 3 weeks. The 
same findings have been obtained at the fourth week except of T5 which were decreased. At the fifth week, all 
the groups were increased, except T2 and T3, and then suppressed at the sixth week except an increase at T5 
group (Table 4). 
 
Lymphocytes: 

 
For all groups, results of the first week were opposed to that of the second week except at T4 group. 

Animals of the first week suffered of an increase in the count of lymphocytes while those of the second week, 
observed an inhibition.  This inhibition was continues at the third, fifth, and sixth weeks except of groups T4, T5, 
and T3, at these weeks respectively (Table 5).          
 
Monocytes: 

 
Through the whole experiment, monocytes count of A. fumigates treated group (T1) was decreased except 

of the first and last weeks. On the contrary, thymoquinone treated animals (T2) showed an increase except of the 
first week.  Similar records were obtained at T3 ( 12.00 ±0.00) and T4 ( 8.33 ± 0.00) except of an inhibition in 
the third week for group T3 and first week for group (T4), in addition, results of the sixth and third weeks of the 
same groups were equalized. Also, group T5 was increased except of the first, fourth, and fifth weeks (Table 6).  
 
II- Immunological Studies: 
 
1-Innate immune response: 
 
Phagocytosis: 

 
The effect of Aspergillus fumigatus (AF) and thymoquinone (TQ) on phagocytic activity of the 

polymorphonuclear leucocytes was represented in Table (7). It was found that administration of thymoquinone 
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either after, before, without or combined with Aspergillus fumigates induced an increase in the phagocytic 
activity of blood leucocytes allover the experimental period compared to group AF (T1). 
 
Chemotaxis and chemokinesis: 

 
The normal value for the chemokinetic index and the chemotactic index of blood leucocytes was between 

(1.20 ± 0.00) and (1.83 ± 0.03). At the first and second weeks, all groups were identical showing an increase at 
T1 and T3 and a decrease at T2, T4 and T5. For all groups at the third, fourth, fifth, and sixth weeks, the 
chemotactic index was decreased except (W6 for T1, W4 for T2, W3 for T3 and W3 & W6 for T4) (Table 8). 
 
Chemokinetic index: 

 
Table (9) revealed an increase in the chemokinatic index of leucocytes all over the experimental period as a 

result of injection of Aspergillus fumigatus, reaching its highest level (1.77 ± 0.03) in last week of T1 group. 
Also, thymoquinone injected rats showed an increase except of the first and fifth weeks as what happened at 
group (T3) except at the fourth and fifth weeks while T4 group also increased all over the time course except at 
the first and fourth weeks. T5 group had variable results where they are decreased at the first 2 weeks, equalized 
at the fifth one, and increased as the rest time of experiment. 

 
2-Humoral immune response: 
 
Determination of serum IgG and IgE: 

 
The normal value for the IgG and IgE was between (24.70±0.00) and (28.40±5.77). 
 
In the present study, it was found that the IgG and IgE levels were very highly significant increased all over 

the experimental period in all treated groups except at group (T2) in the 3rd week post-injection and group (T5) in 
the 2nd week post-injection where the IgG level was very highly significant decreased (Tables 10 & 11) 

 
Table 2: effect of thymoquinone on neutrophils percentage in Aspergillus fumigatus sensitized albino rats.                                                                                                                                                   

W6 W5 W4 W3 W2 W1             Time/Week 
Groups 

20.33±0.67 20.00±0.58 20.33±0.33 20.00±0.00 20.33±0.33 20.33±0.88 N0 

13.00±1.15 11.00±1.15 7.00±0.00 10.33±2.03 15.00±1.15 6.00±0.58 C1 (PBS) 

18.00±1.15 7.00±1.00 11.00±1.00 13.33±1.45 11.00±0.58 17.00±0.58 C2 (TW20%) 
20.00±0.58 8.00±1.15 20.00±0.58 7.00±0.58 11.00±0.58 20.00±1.73 C3(PBS+TW20%) 
20.00±2.52 

 14.33±1.45 10.00±1.15 11.00±0.58 15.67±1.76 14.00±2.64 C4(PBS-TW20%) 

11.00±0.58 13.33±0.33 17.33±0.88 14.33±1.45 11.00±0.00 17.00±1.53 C5(TW20%-PBS) 
17.00±0.58* 18.00±2.31 4.00±0.58** 18.33±4.91 10.00±0.00* 9.00±0.58* T1 (AF) 
13.00±0.58* 15.00±1.15** 13.00±1.15 18.33±3.18 10.00±0.00 10.00±0.00*** T2 (TQ) 

15.00±1.73 9.00±1.00 13.00±1.00** 20.67±0.33*** 10.00±0.58 9.00±0.58** T3 (AF+TQ) 

17.33±1.45 15.00±1.73 6.00±0.58* 11.33±1.45* 10.00±0.58* 7.33±0.88 T4 (AF-TQ) 
20.00±0.58*** 14.33±1.45 12.00±1.15* 15.33±1.45 10.00±2.31 10.00±2.00 T5(TQ-AF) 

 
Table 3: effect of thymoquinone on eosinophils percentage in Aspergillus fumigatus sensitized albino rats.  

           Time/Week             
  
Groups                  

W1 W2 W3 W4 W5 W6 

N0                                2.33±0.33 2.00±0.00 2.00±0.58 2.33±0.33 2.00±0.58 2.00±0.00 
     C1(PBS)                  0.00±0.00 0.00±0.00 1.00±0.58 1.00±0.00 1.00±0.58 1.33±0.33 
                   C2(TW20%) 3.00±0.00 2.00±0.00 2.00±1.15 0.00±0.00 1.00±0.00 2.33±0.88 

C3(PBS+TW20%)          2.00±0.00 1.00±0.58 1.00±0.58 1.00±0.33 2.33±1.33 2.33±1.33 
C4(PBS-TW20%)           0.00±0.00 0.00±0.00 1.00±0.88 1.00±0.00 2.00±0.00 2.33±0.33 
C5(TW20%-PBS)              3.00±0.00 1.00±0.00 1.33±0.33 1.33±0.33 2.33±0.33 1.00±0.00 

                        T1(AF) 5.00±0.58** 5.33±0.88** 3.00±0.00* 4.67±0.88* 5.00±0.00** 5.00±0.58** 

T2(TQ)                        3.00±0.58 1.33±0.33 1.00±0.58 1.00±0.58 2.00±0.58 2.00±0.58 
T3(AF+TQ)                 2.00±0.00 1.33±0.33 2.00±0.00 2.33±1.45 1.33±0.88 1.33±0.33 
T4(AF-TQ)                  5.00±0.00** 5.33±0.88 4.00±0.58 4.00±1.15 4.00±0.00 3.00±0.00 
T5(TQ-AF)                  3.00±0.00 1.00±0.58 4.00±1.00 3.00±0.00** 3.33±0.88 4.00±0.58** 
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Table 4: effect of thymoquinone on basophils percentage in Aspergillus fumigatus sensitized albino rats.  

                Time/Week 
 Groups            W1 W2 W3 W4 W5 W6 

                            N0 0.33±0.33 0.33±0.33 0.33±0.33 0.33±0.33 0.33±0.33 0.33±0.33 
C1(PBS)                   0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.58 2.00±0.58 

          C2(TW20%) 2.33±0.88 1.00±0.58 1.00±0.00 0.00±0.00 1.00±0.00 2.00±0.58 
C3(PBS+TW20%) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 2.00±0.58 2.00±0.58 

C4(PBS-TW20%) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.33±0.33 1.00±1.00 

 C5(TW20%-PBS) 0.00±0.00 0.00±0.00 0.00±0.00 2.00±0.58 2.00±0.58 0.00±0.00 
                    T1(AF) 2.00±0.00 1.33±0.88 1.33±0.67 0.00±0.00 1.33±0.33 1.00±0.00 
                   T2(TQ) 1.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 1.00±0.00 

            T3(AF+TQ) 1.00±0.00 1.00±0.00 1.00±0.58 0.00±0.00 0.00±0.00 1.00±0.58 
T4(AF-TQ)              1.00±0.58 0.00±0.00 0.00±0.00 0.00±0.00 2.00±1.15 0.00±0.00 

             T5(TQ-AF) 2.00±0.58* 1.00±0.00 1.33±0.33* 1.00±0.00 2.33±1.45 1.33±0.88 
 

Table 5: effect of thymoquinone on lymphocytes percentage in Aspergillus fumigatus sensitized albino rats.                                                                                                                                                   

W6 W5 W4 W3 W2 W1 
              
Time/Week   
Groups 

     73.00  ±0.58                                                                           73.33±0.33 73.00±0.00 73.33±0.88 73.00±1.00 73.00±0.58 N0 

 79.00±0.58                      73.00±1.73 88.00±1.73 74.00±2.00 74.00±2.31 90.67±0.33 C1 (PBS) 

 74.33±2.60                      88.00±1.73 89.00±0.58 82.33±3.18 83.00±1.00 68.33±5.49 C2(TW20%) 

 71.67±0.88                      83.67±1.85 77.00±1.73 81.33±1.45 84.00±3.46 74.67±2.40 C3(PBS+TW20%) 

 74.67±0.33                      80.33±2.60 89.33±0.88 84.00±0.58 83.00±3.51 79.00±2.64 C4(PBS-TW20%) 

 86.33±0.88                      72.33±1.45 75.00±0.00 84.00±2.31 86.33±0.88 71.00±7.64 C5(TW20%-PBS) 

 62.33±2.90**                             68.00±3.51 90.67±0.33 71.33±4.91 79.33±2.60 80.00±0.58*** T1(AF) 
 66.33±2.03                      69.00±1.15** 74.00±1.53** 69.00±4.04 79.00±2.31 80.00±2.89 T2(TQ) 

 78.00±1.15*                   74.67±2.96 80.33±3.76 65.00±2.89** 76.00±3.21 76.00±1.73 T3(AF+TQ) 

 73.00±1.73                      73.00±1.73 87.33±2.40 86.67±3.53 77.00±2.08 79.00±3.46 T4(AF-TQ) 

   66.33±3.18**                                  76.00±2.31 82.00±2.52 76.00±0.58* 77.00±1.15** 80.00±0.00 T5(TQ-AF) 
 

Table 6: effect of thymoquinone on monocytes percentage in Aspergillus fumigatus sensitized albino rats.                     
Time/Week           
                     
Groups                     

W1 W2 W3 W4 W5 W6 

N0                        4.00±0.58 4.33±0.33 4.33±0.67 4.00±0.00 4.33±0.33 4.33±0.33 
            C1(PBS)  2.00±0.58 11.00±0.58 14.33±2.03 4.00±0.00 14.00±1.73 5.33±0.88 

    C2(TW20%)            9.00±0.58 3.00±0.58 1.33±0.33 1.00±0.00 4.00±0.58 3.00±1.15 
C3(PBS+TW20%) 3.33±0.33 4.00±0.58 10.00±2.31 1.33±0.33 3.33±0.88 4.00±0.58 
C4(PBS-TW20%)  4.67±1.45 1.00±0.00 3.33±0.33 0.00±0.00 1.33±0.88 2.00±0.58 
 C5(TW20%-PBS) 9.00±0.58 2.33±0.33 0.00±0.00 4.00±1.15 10.00±0.58 1.00±0.00 
T1(AF)                4.00±1.00 3.33±0.88** 6.00±0.58* 1.00±0.00 8.33±0.33* 14.00±2.08* 

T2(TQ)                6.00±0.00** 9.33±2.03* 11.00±0.58*** 12.00±1.15** 13.00±0.58*** 18.00±1.15** 

       T3(AF+TQ) 12.00±0.00*** 12.00±3.60 8.33±0.88 4.00±1.15 15.33±2.03** 4.00±0.00 
  T4(AF-TQ)       4.00±1.53 8.33±2.03* 3.33±1.45 3.00±0.00 3.33±2.03 4.33±0.33* 

T5(TQ-AF)         4.67±0.67** 10.00±0.00*** 1.33±0.33* 2.33±1.45 3.33±0.33** 6.00±0.00 
 
Table 7: effect of thymoquinone on phagocytic activity in Aspergillus fumigatus sensitized albino rats. 

Time/week 
 

Groups 
W1 W2 W3 W4 W5 W6 

T1(AF) 
 36.00±1.00 35.00±1.00 22.00±2.00 32.00±2.00 33.67±1.67 30.33±2.03 

T2(TQ) 
 

46.33±0.45 
 50.00±0.58 45.33±0.88 45.67±0.88 47.00±1.15 47.67±0.88 

T3(AF+TQ) 
 37.33±1.46 38.67±1.85 40.33±0.88 41.67±1.20 58.00±3.05 67.33±0.33 

T4(AF-TQ) 
 55.67±0.88 56.00±0.58 37.00±1.00 36.33±1.33 38.00±1.53 44.33±0.88 

T5(TQ-AF) 
 50.00±4.62 58.00±0.58 50.67±4.63 39.67±5.36 34.00±6.08 31.33±0.88 
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Table 8: effect of thymoquinone on chemotactic index in Aspergillus fumigatus sensitized albino rats. 

W6 W5 W4 W3 W2 W1           Time/Week 
Groups 

1.83±0.03 1.47±0.03 1.57±0.09 1.37±0.18 1.80±0.00 1.60±0.00 N0 

1.10±0.00                1.43±0.14 0.97±0.03 1.27±0.07 1.30±0.00 1.27±0.03 C1(PBS) 
1.13±0.07 1.70±0.21 0.90±0.00 1.23±0.09 1.50±0.00 1.47±0.09 C2(TW20%) 
1.00±0.00 1.33±0.12 1.10±0.06 0.97±0.03 1.10±0.06 1.10±0.00 C3(PBS+TW20%) 
1.17±0.09 1.47±0.09 1.80±0.00 1.20±0.00 1.60±0.11 1.37±0.03 C4(PBS-TW20%) 
0.87±0.03 1.27±0.07 1.30±0.11 1.47±0.09 1.73±0.09 1.73±0.20 C5(TW20%-PBS) 
1.33±0.24 0.87±0.03* 0.37±0.03*** 0.80±0.06** 1.43±0.03* 1.60±0.06** T1(AF) 
0.70±0.06** 

 
0.53±0.09** 

 
0.97±0.07 
 

0.97±0.03 
 

1.43±0.07 
 

1.33±0.03 
 

T2(TQ) 
 

0.77±0.03** 0.63±0.03** 0.67±0.09* 1.30±0.06** 1.37±0.12 1.80±0.06*** T3(AF+TQ) 
1.60±0.06* 1.23±0.03 0.67±0.03*** 1.27±0.03 1.43±0.03 1.13±0.09 T4(AF-TQ) 
1.07±0.07 1.20±0.11 0.83±0.03* 1.40±0.06 1.70±0.11 1.43±0.09 T5(TQ-AF) 

 
Table 9: effect of thymoquinone on chemokinatic index in Aspergillus fumigatus sensitized albino rats. 

W6 W5 W4 W3 W2 W1           Time/week 
Groups 

1.40±0.11 1.20±0.10 1.30±0.00 1.20±0.10 1.40±0.11 1.20±0.00 N0 

1.03±0.03 1.00±0.06 0.63±0.03 0.73±0.03 0.83±0.14 1.00±0.00 C1(PBS) 
0.80±0.21 0.90±0.06 0.50±0.00 0.50±0.00 0.80±0.21 1.10±0.06 C2(TW20%) 
0.93±0.09 1.80±0.00 1.70±0.00 1.13±0.03 1.43±0.09 1.20±0.00 C3(PBS+TW20%) 
0.93±0.09 1.00±0.06 1.43±0.09 0.93±0.09 1.17±0.03 1.00±0.06 C4(PBS-TW20%) 
0.67±0.03 1.00±0.06 0.67±0.03 0.80±0.21 1.24±0.32 1.23±0.32 C5(TW20%-PBS) 
1.77±0.03*** 1.60±0.35 0.80±0.21 1.00±0.00** 1.20±0.00 1.17±0.03* T1(AF) 
1.10±0.06* 0.73±0.03*** 0.80±0.21** 0.93±0.03** 1.10±0.06 1.07±0.07 T2(TQ) 
1.10±0.06** 0.93±0.03*** 1.07±0.07*** 1.20±0.00 2.03±0.03 2.03±0.07*** T3(AF+TQ) 
1.70±0.00 1.60±0.00 0.93±0.03 1.07±0.40 1.77±0.14** 0.97±0.03 T4(AF-TQ) 
0.93±0.03 1.00±0.00*** 0.93±0.03* 1.07±0.40 1.13±0.20 0.97±0.03 T5(TQ-AF) 

                                                                             
Table 10: effect of thymoquinone on serum IgG level in Aspergillus fumigatus sensitized albino rats. 

W6 W5 W4 W3 W2 W1          Time/Week   
Groups 

24.80±5.77 24.70±0.00 24.80±1.00 24.70±0.12 24.80±0.00 24.80±5.77 N0 

40.40±5.77 33.40±0.00 49.20±5.77 26.40±1.00 32.70±5.77 32.40±0.00 C1 (PBS) 
46.50±0.12 36.80±0.00 29.40±5.77 54.80±0.12 27.40±5.77 29.60±0.00 C2 (TW20%) 
36.70±5.77 34.20±1.00 26.40±0.21 34.80±0.00 41.60±0.10 34.80±5.77 C3 (PBS+TW20%) 
36.40±0.15 46.80±5.77 74.50±0.00 52.60±0.10 52.60±0.15 42.80±5.77 C4 (PBS-TW20%) 

44.30±0.00 36.90±5.77 44.80±0.00 29.40±0.00 52.10±0.15 38.40±5.77 C5 (TW20%-PBS) 
120.80±0.00*** 74.90±1.00*** 92.80±1.00*** 58.40±1.00*** 88.60±5.77*** 68.20±0.00*** T1 (AF) 
55.20±1.00*** 74.80±0.00*** 62.60±5.77*** 48.40±1.00***  68.20±0.00*** 68.20±5.77*** T2 (TQ) 
98.40±0.00*** 99.60±5.77*** 69.80±0.00*** 72.40±0.10*** 78.40±0.15*** 68.20±5.77*** T3 (AF+TQ) 
48.20±5.77*** 55.80±5.77*** 86.80±1.00*** 80.40±5.77*** 67.80±0.15*** 62.40±5.77*** T4 (AF-TQ) 
108.40±0.15*** 88.90±1.00*** 82.80±5.77*** 81.80±5.77*** 38.40±1.00*** 66.20±5.77*** T5 (TQ-AF) 

 
Table 11: effect of thymoquinone on serum IgE level in Aspergillus fumigatus sensitized albino rats. 

W6 W5 W4 W3 W2 W1         Time/Week      
Groups 

28.30±0.10 28.40±5.77 28.40±0.10 28.20±0.00 28.30±0.15 28.20±5.77 N0 

38.90±0.12 47.20±5.77 55.60±0.10 41.60±5.77 28.40±0.12 22.40±5.77 C1 (PBS) 
36.80±5.77 52.40±0.20 49.30±0.00 31.70±1.00 24.80±0.15 18.40±5.77 C2 (TW20%) 
25.80±5.77 42.80±1.00 37.90±0.00 38.00±0.10 38.40±0.15 29.80±5.77 C3 (PBS+TW20%) 
28.20±0.12 38.20±5.77 62.80±5.77 44.63±8.82 44.80±0.15 38.40±5.77 C4 (PBS-TW20%) 

34.40±0.10 31.20±5.77           38.90±0.12     24.80±0.12 41.70±5.77 32.40±1.00 C5 (TW20%-PBS) 
108.70±0.10*** 92.40±5.77*** 82.80±0.00*** 64.20±0.10*** 74.80±0.15*** 52.60±5.77*** T1 (AF) 

72.30±0.15*** 85.40±0.15*** 85.40±0.15*** 88.20±1.00*** 92.80±5.77*** 71.60±5.77*** 

 T2 (TQ) 

103.20±1.00*** 104.30±5.77*** 92.40±5.77*** 98.40±0.12*** 83.20±5.77*** 112.80±1.00*** T3 (AF+TQ) 
78.90±0.12*** 58.40±1.00*** 87.60±5.77*** 102.40±0.15*** 94.30±5.77*** 84.20±1.00*** T4 (AF-TQ) 
77.80±0.15*** 76.20±5.77*** 73.20±5.77*** 58.40±0.00*** 102.40±0.15*** 68.20±5.77*** T5 (TQ-AF) 

N0= Free injected 
PBS= Phosphate buffered saline 
TW20%= TWEEN20% 
AF= Aspergillus fumigatus 
TQ= Thymoquinone 
Values are expressed as means ± SE 
 * P‹0.05               ** P‹0.01               *** P‹0.001 
( ) P›0.05 
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Discussion: 

 
Inhalation allergies are regarded as an important risk factor for the development of bronchial asthma 

(Becker & Chan-Yeung, 2008). In allergic disease, the activated immune response results in a chronic pro-
inflammatory state characterized by antibody secretion (IgE) and T cell activation to normally well-tolerated 
antigens. Currently, the treatment of allergic disease is focused on the suppression of key inflammatory 
mediators or inflammatory cell populations (O’mahony et al., 2010). There is a close link between exposure to 
fungi and deterioration of asthma; however, the role of fungi as an exogenous precipitant for initiation and 
progression of asthma has been incompletely explored. In this study, the effect of Aspergillus fumigatus 
exposure on airway inflammation in rat and the role of thymoquinone on reducing these effects were 
investigated.     

In modern medicine, inhalation allergy therapy is commonly based on the use of mast cell stabilizers. Since 
Nigella sativa oil works by the same mechanism, this makes it an especially attractive alternative drug for 
treatment of allergic/atopic diseases (Badary et al., 2000). Kalus and colleagues (2003) found that the oil of 
Nigella sativa is indeed capable of relieving symptoms of allergic diseases (allergic rhinitis, atopic eczema and 
bronchial asthma) by suppressing the inflammatory cells infiltration such as eosinophils, lymphocytes, and 
macrophages as a result of suppressed Th2 cytokine levels (Muhammad et al., 2009).                                              

In this study, it was found that administration of Aspergillus fumigatus either alone, before, after or 
combined with thymoquinone  increased neutrophils percentage during the 3rd week post-injection and this result 
agrees with the study that reported in mild asthma where the neutrophils are in a primed or activated state in 
peripheral blood (Kallenbach et al., 1992). On the other hand, neutrophils percentage in previous groups was 
decreased during the 2nd week post-injection that may be due to the effect of IL-8 which is a powerful 
chemoattractant of neutrophils in the lungs. Although IL-8 can be produced by several cell types, it can also be 
synthesized by neutrophils in response to various inflammatory mediators, which can contribute as an additional 
recruitment of neutrophils. Increased IL-8 levels have been observed in specimens from patients with asthma, 
and a greater release of both nasal and bronchial IL-8 following a specific antigen challenge has also been 
reported (Gosset et al., 1997). Thymoquinone administration either alone, before, after or combined with 
Aspergillus fumigatus decreased neutrophils percentage; this may be due to the anti-inflammatory effect of 
thymoquinone (El-Dakhakhny et al., 2002).                                                      

The decrease in the acidophils percentage after thymoquinone administration either alone, or combined with 
Aspergillus fumigatus may be due to the cytoprotective and antioxidant actions of thymoquinone, and to their 
effects on some mediators of inflammation (Abbas et al., 2005). While, the increase in the acidophils percentage 
after Aspergillus fumigatus administration either alone, after or before TQ may be due to prolonged epithelial 
activation by allergens which lead to release of large amounts of proinflammatory cytokines, chemokines, 
growth factors which amplifying the influx of Th2 cells and eosinophils (Adam et al., 2006). Also, Th2 cells 
realse IL-5 which induces the proliferation of eosinophils (Hamelmann & Gelfand, 2001). Bousquet et al. 
(1990) have shown that the number of eosinophils in peripheral blood and in bronchial lavage from patients with 
asthma is associated with more severe disease like severe asthma (Louis and colleagues, 2000).                                                                    

Injection with Aspergillus fumigatus increased the basophile percentage at group (T1), except at the 6th week 
which may be due to C5a which is a potent inducer of basophil degranulation (Kurimoto et al., 1989). However, 
the increase may be due to C3a which is a potent basophil activator in the presence of IL-3 and such a 
phenomenon could be of relevance in various inflammatory processes, especially hypersensitivity reaction 
(Massey et al., 1993). The increase of basophils agrees with the study done by Osman, El-Barody (1999) and 
El-Khaiaty et al. (2002) who reported that basophils were significantly improved by Nigella sativa seeds. 
Administration of Aspergillus fumigatus either alone, after or combined with thymoquinone induced a decrease 
in the lymphocyte percentage allover the experimental period except at the 4th week post-injection where it was 
reached to the highest value. The decrease may be due to the depletion of CD8+ T lymphocytes that secrete IFN-
g  which attenuated airway hyperresponsiveness, and reduced infiltration of eosinophil, neutrophil granulocytes 
and CD8+ T lymphocytes while, the increase may be due to the exposure to spores of Aspergillus fumigatus 
which are taken up by antigen presenting cells (APCs) and presented to lymphocytes, which proliferate and 
differentiate  in response to Th cells differentiation and the release of large amount of cytokines such as IL-4, 
IL-5, IL-10, and IL-17 (Nakajima & Hirose,  2010). Cytokines, also, promote the source of lymphocytes and 
other immune cells to further differentiation and proliferation, and subsequently generate a wide range of 
immune effector cells (Huang et al., 1999). On the other hand, it was found that administration of thymoquinone 
alone increased lymphocyte percentage during 1st week which may be due to the enhancement effect of 
thymoquinone in lymphocyte proliferation (Haq et al., 1999).                                                                                         

It was found that, administration of thymoquinone either alone, after or before Aspergillus fumigatus, 
induced an increase in the percentage of monocytes that may be due to the increase in haematopoietic activity 
after exocytosis which done by monocytes after the discharge of its granules to lyses the antigen extracellulary 
or may be due to Interleukin-34 (IL-34) which plays a central role in innate and adaptive immunity, and is an 



4653 
J. Appl. Sci. Res., 9(8): 4645-4655, 2013 

 
important molecule for the communication between cells, tissues, and organs. Recently, it has been reported that 
interleukin-34(IL-34) in both in vitro and in vivo studies, directly modulates the number and function of 
monocytes (Baud'huin et al., 2010). While, administration of Aspergillus fumigatus, induced a decrease of the 
percentage of monocytes that may be due to inflammation; because inflammatory monocytes are rapidly 
mobilized from the bone marrow into the circulation under the influence of Chemokine (C-C motif) ligand 2  
(CCL2) and are recruited to inflammatory sites by chemoattractants (Serbina et al., 2003).                                                                                                                                 

  Concerning thymoquinone treatment either after, before, without or combined with Aspergillus fumigatus; 
an increase in phagocytic activity of blood leucocytes was observed allover the experimental period compared to 
group AF (T1); this increase may be due to that thymoquinone may activate macrophage phagocytic activity by 
acting as a ROS scavenger and by normalizing the elevated levels of macrophage-derived inflammatory 
mediators (El-Mahmoudy et al., 2005). Also, the increase of phagocytosis in vitro may be due to that the hyphae 
of A. fumigatus are damaged and killed by neutrophils in vitro (Rex et al., 1990). Hyphae of Aspergillus 
fumigatus stimulate neutrophils to undergo respiratory burst and degranulation (Levitz & Farrell, 1990).                                                                                                                    

Administration of thymoquinone alone induced an increase in the chemotactic and chemokinetic indces of 
blood leucocytes at the 4th week post-injection that may be related to the anti-inflammatory effect of 
thymoquinone in increasing neutrophils as reported in blood films where as, the chemotactic activity of 
neutrophils was induced by platelet activating factor (PAF) which has been seen to be greater in patients with 
asthma than in a healthy reference population, and to be inversely related to the production of 5-
Hydroxyeicosatetraenoic acid (5-HETE), a derivative of arachidonic acid produced by neutrophils (Radeau et 
al., 1990).                                                                                     

On the other hand, it was found that administration of Aspergillus fumigatus either before or combined with 
thymoquinone induced a decrease in the chemotactic and chemokinetic indces of blood leucocytes at the 4th 
week post-injection that may be due to chemokine receptors such as C-C chemokine receptor type 1 (CCR1) 
which may be sufficient to inhibit migration of peripheral blood monocytes towards the inflamed compartment 
(Dairaghi et al., 2011).                                                                                        

It was found that the very highly significant increase of IgE and IgG levels that resulted from an 
administration of Aspergillus fumigatus either alone, combined, before or after TQ may be due to the inhalation 
of Aspergillus fumigatus spores which is followed by growth of hyphae in the airway mucus and stimulation of 
an immune response involving IgE and IgG antibodies (Wark & Gibson, 2001). Also, administration of 
thymoquinone resulted in the same findings except at groups T2 and T5 in the 3rd and 2nd weeks post-injection 
where the IgG level was very highly significant decreased. The increase in IgE and IgG levels induced by TQ 
administration may be mediated by the improvement of immunofunctional abnormalities and increasing 
antibody levels. While, the decrease in IgG level may be due to the anti-inflammatory role of TQ during the 
allergic response in the lung as TQ attenuates allergic airway inflammation by inhibiting Th2 cytokines where 
the influence of Th2 cytokines leads to the production of allergen-specific antibodies by B cells (El Gazzar et 
al., 2006). 
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