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A B S T R A C T

This study sought to examine whether supplementation of Black Seed Oil (BSO) can improve pulmonary function
tests (PFTs), inflammation, and oxidant-antioxidant markers in COPD patients. The study involved 100 patients of
mild to moderate COPD divided randomly into 2 groups who were appointed to receive standard medication only
(control group) or with additional Black Seed Oil (BSO group). They were assessed initially and after 3 months,
44 patients responded in control group and 47 patients in BSO group. BSO group evidenced a significant
decreasing in oxidant and inflammatory markers; thiobarbituric acid reactive-substances (TBARS), protein
carbonyl (PC) content, interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), a significant increase in anti-
oxidants; superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GPx),
vitamin C, and E, and a significant improvement in PFTs versus control group and baseline levels. Supplemen-
tation of Black Seed Oil may be an effective adjunct therapy to improve pulmonary functions, inflammation, and
oxidant-antioxidant imbalance in COPD patients.
1. Introduction

COPD now regarded as the thirdmajor reason for death and one of the
central grounds of morbidity and fatality in the world [1]. The aetiology
and pathophysiology of COPD are more complicated with regard to the
ecological factors (diet allergies and air polluters), and multiple patho-
logical mechanisms such as oxidative stress, recruitment of inflammatory
cells and their activation (neutrophils, macrophages, and lymphocytes),
inflammatory mediators and cytokines release (IL-1β, IL-6, IL-8, TNF-α,
and TGF-β), cell repair disorder (apoptosis, necroptosis, pyroptosis, and
necrosis), and protease/anti-protease imbalance may gradually cause
tissue inflammation, destruction of the airway and/or tissue alveolar, and
fibrosis, which result in the development of COPD [2, 3].

COPD patients usually have serious comorbidities, particularly car-
diovascular diseases and metabolic and renal insufficiency. So, the safety
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profile of existing and new medicines must be neatly inspected. Probably
the most attention lately was the concern about the safety of inhaled
steroids, particularly at high doses [4]. The main objective of disease
management is to inhibit the destructive and inflammatory processes
that affect lung function, relieve symptoms severity, minimize drug
adverse effects, decrease exacerbations, and probably lessen mortality
[5].

Unfortunately, until now, no efficient prophylaxis measures or curing
for COPD. Current treatments of COPD including bronchodilators and
anti-inflammatory drugs; a corticosteroid, theophylline, and
phosphodiesterase-4 (PDE4) inhibitor, either as a single therapy or
together to reduce the severity of symptoms and recover the quality of
life [1, 6], but there is doubt about the efficacy of these drugs [7].

Noteworthy, the current treatment of COPD neither modifies the
underlying pulmonary dysfunction nor prevent the development of
t 2020
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chronic inflammation and remodeling correlating to COPD [8]. On the
other hand, these treatments are not without limitations, as some adverse
effects appeared in some patients as a result of the excessive use of some
of these treatments, such as an increased risk of developing common
cardiac comorbidities and pneumonia. Besides, not all patients will show
a response to present treatment options, so the need for complementary
or alternative treatments for this disease increases. So, many research
aims to find a multi-potential factor from a common diet to prevent and
treat this disease [9].

One strategy to defeating this problem is identifying biomarkers that
aid in determining patients who benefit more probably from corticoste-
roid therapy and less probably to experience negative effects [8]. Over
the years, many efforts have been made to scout the potency and safety of
plant medications and to clarify the cellular and molecular mechanisms
that explain the therapeutic effect of these plants. In the field of
obstructive lung diseases, several studies have contributed to unveiling of
many promising botanical medicines. Finding new safe and effective
treatments for asthma and COPD including plant origin medicines is an
appealing and alternative therapy [10, 11].

Extensive clinical and animal researches that have been executed
lately have shown that extracts of Nigella sativa (black seed or black
cumin) (Family Ranunculaceae), have numerous medicinal and thera-
peutic properties which may include spasmolytic, a bronchodilator,
immunomodulator, antidiabetic, antihistaminic, antimicrobial, anti-
inflammatory, and antioxidant effects [12, 13, 14, 15]. Clinical studies
evaluating the impact ofNigella sativa on chronic bronchial asthma [16,
17, 18] showed a marked amelioration in clinical signs and lung function
tests.

The extraordinary biological activity ofNigella sativa is attributed to
its bioactive compounds i.e., selenium, vitamin E (tocopherol α, β, and γ),
retinol (vitamin A), vitamin C, carotenoids (β-carotene), thymoquinone,
thymol, etc. Although the biological activity of Nigella sativa has been
linked to its content of thymoquinone, which is one of the most effective
substances in these seeds, black seeds also contain other compounds,
such as carbohydrates, proteins, vitamins, minerals, fixed oil, volatile oil,
saponins, and alkaloids, which can all contribute to its biological prop-
erties [19].

The active components of black seed (boiling extract or oil) are thy-
moquinone (TQ), dithymoquinone, thymol, thymohydroquinone, nigel-
lone, nigellicine, nigellidine, carvacrol and fixed oils on various
respiratory diseases [17, 20, 21]. TQ is the main active ingredient in
volatile black seed oil (54%) and valuable studies have proven that it
possesses anti-oxidant, anti-inflammatory, and anti-tumour properties
[22]. In this study, we are trying to assess the impacts of black seed oil
supplementation as an adjunct pharmaceutical preparation on the clin-
ical outcome of lung function, markers of oxidant-antioxidant, and
airway inflammation in COPD patients.

2. Materials and methods

2.1. Study design

This prospective randomized controlled double-blind clinical trial
was performed at the chest unit, Zagazig University Hospital, Egypt. All
patients submitted informed written consent before enrollment. All
proceedings were in agreement with the Helsinki Declaration and
authorized by the Clinical Research Authority, Ethical Committee in the
Faculty of Medicine, Zagazig University. The study was registered with
the Clinical Trial Registry of India (CTRI/2020/04/024927at http://ct
ri.nic.in).

In this study, COPD (mild to moderate) outpatients were diagnosed
clinically based on history, signs and symptoms (coughing, wheezing,
shortness of breath, exercise intolerance), chest x-rays, and confirmed by
evaluation of pulmonary function tests (PFTs). Diagnosis of COPD pa-
tients was confirmed and distinguished from asthma patients by the
reversibility test to bronchodilator (β2-agonist) in spirometry. The study
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was conducted between June 2019 and December 2019 based on the
inclusion and exclusion criteria.

2.2. Inclusion and exclusion criteria

Inclusion criteria: (a) Patients ages 40–66 years, regardless of
gender; (b) Patients with mild to moderate COPD who have given
informed written consent before starting the study; (c) ambulant and
collaborative.

Exclusion criteria: (a) Patients younger than 40 years and over 66
years old; (b) Patients who had suffered from any respiratory disorder over
the past four weeks; (c) Patients with chronic or acute diseases known to
be associated with elevated oxidative stress; liver diseases, renal diseases,
heart diseases, thyroid disorders, coagulation disorders, hematologic
problems, diabetes mellitus, acute respiratory distress syndrome, any CNS
disorder, etc.; (d) Patients who have exhibited any kind of allergy to any of
the standard COPD drugs; (e) Patients who have taken antioxidants and
vitamins supplements in the last 4 weeks; (f) pregnant/lactating females;
(g) severe and very severe cases were not enrolled in this study.

2.3. Participants

2.3.1. Sample size calculation
Depending on a pilot study we performed on 10 patients of mild and

moderate COPD and divided into two groups (5 patients with standard
COPD treatment) as a control group and (5 patients receive standard
COPD treatment þ Black seed oil) as BSO group for 3 months. Pulmo-
nary function tests as a primary outcome were assessed and revealed,
FEV1 (74.33 � 5.1 & 78.59 � 4.33) for control group and BSO group
respectively, at alpha error (0.05) and 90% power of the study and effect
size (4.26%), the calculated sample size was 44 patients for each group,
after adding 10% attrition rate, the number was 50 patients in each
group.

After enrollment of 50 patients in each studied groups, the treatment
was given as follows:

control group: treated with routine COPDmedication only (standard
medicine; inhaled corticosteroids with long-acting β2-agonist (LABA),
namely 50 μg of salmeterol and 500 μg fluticasone propionate one puff
twice daily was given).

BSO group: treated with standard COPDmedication in addition to an
oral dose of 1 g twice daily of 100% pure cold-pressed black seed oil as
soft gel capsules (contains minimum 0.95 % naturally occurring thy-
moquinone) (AMAZING HERBS, USA, Item model number: 13090), as a
supplementary treatment.

Full medical history, full clinical examination (plain chest X-ray,
pulmonary function tests, pulse rate, respiratory rate, blood pressure,
body mass index) and other hematological and biochemical parameters
complete blood picture, liver function tests, renal function tests, random
blood sugar, oxidative stress markers [thiobarbituric acid reactive-
substances and protein carbonyl content], antioxidants markers [cata-
lase, glutathione peroxidase, superoxide dismutase, glutathione, vitamin
C, and vitamin E], and inflammatory markers [tumor necrosis factor-
alpha and interleukin-6], were done at 0 days (baseline) (pre-treated)
and after 3 months (post-treated) with routine COPD medications þ/-
black seed oil in both groups.

2.4. Pulmonary functions

Lung function tests of all patients of both groups were evaluated by
using portable MicroLab MK 8 Spirometer (Micro Medical Limited,
Rochester, England). Briefly, the patient sits and holds the spirometer, a
stopper is placed on the patient's nose in order to ensure that air does not
enter or exit through it during the examination. The mouthpiece is
inserted in the patient's mouth and at that time the patient is required to
tightly close his lips around it, breathe deeply, and keep them for a few
seconds and then exhale as much as possible. The proceeding was
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reiterated leastwise trebled to ensure that the readings were regular
while measuring the lung function and the better reading was adopted.
FVC%, FEV1%, (FEV1/FVC) %, PEF%, and FEF 25–75% values were
measured on 0 days and after 3 months. The expected values were
computed based on the patient's age, height, and weight and compared to
the corresponding measured data. These values were allocated in
consonance with the Egyptian population with a correction of the ethnic
group.

2.5. Patients samples

10 mL EDTA Vacutainer Tubes (dipotassium EDTA Vacutainer Tubes,
Becton Dickinson) were used to collect the venous blood samples for the
patients at baseline (Pre-treatment) and after 3 months from treatments
(Post-treatment). Centrifuged the samples for 10 min at 3000 rpm at a
temperature of 4�, after that, plasma was separated and a part of it was
analyzed immediately. The remaining blood was stored at –80 �C for use
at a later stage if required. The data for this study did not include any
hemolyzed specimens.

2.6. Chemical procedures

Thiobarbituric acid reactive substances (TBARS) was determined by a
spectrophotometric method using OXItek TBARS Kit (Cat. #: 0801192,
ZeptoMetrix Corp., Buffalo, NY, USA) [23], protein carbonyl (PC) content
was measured by colorimetric assay kit (Cat. #: ab126287, Abcam,
Cambridge, MA, USA) [24]. Tumor necrosis factor-alpha (TNF-α) and
Interleukin-6 (IL-6) were determined using Human ELISA assay kits
(Cat#: DTA00D, Cat#: D6050, R&D Systems, Minneapolis, MN, USA)
respectively according to the manufacturer's instructions. Catalase (CAT)
[25], glutathione peroxidase (GPx) [26], superoxide dismutase (SOD)
activities [27], and reduced glutathione (GSH) [28, 29] were performed
with a colorimetric assay kits (Cat. #: 707002, Cat. #: 703102, Cat. #:
706002, Cat. #: 703002, Cayman Chemicals, Ann Arbor, MI, USA)
respectively. Vitamin E and C were measured using vitamin E and
vitamin C ELISA assay kits (Cat. #: abx150389, Cat. #: abx156668,
Abbexa Ltd, Cambridge, UK) respectively according to themanufacturer's
instructions.

2.7. Statistical analyses

The collected data were evaluated using IBM personal computer and
Statistical Package for Social Science (SPSS, Chicago, IL) version 20.0.
The Quantitative, data were expressed as mean, standard deviation, and
range. Student t-test and Mann Whitney U test were used to test the
difference between the two studied groups according to the distribution
of data. Qualitative data were expressed as frequency and percentage and
compared using Chi-square test. A P value lower than (0.05) was defined
as a statistical significance.

3. Results

3.1. Patients

Totally, 150 patients with COPD were considered in terms of eligi-
bility, only 100 patients fulfilled the inclusion criteria, after enrollment,
patients divided randomly into 2 groups [control group and BSO group;
(n¼ 50/each group)]. Six patients in the control group and two patients
in the BSO group were eliminated from the study for not continuing in
the study protocol, also one patient in the BSO group was excluded as it
consumed lower 90% of black seed oil capsules. Only 47 patients in the
BSO group and 44 patients in the control group finished the study
protocol. Data from these 91 patients were adopted for analysis and were
reported in line with the CONSORT 2010 checklist of information [30]
(Figure 1). The clinical and demographic features of 91 COPD patients
are presented in Table 1.
3

3.2. Pulmonary function tests among the studied groups

In control group, there was insignificant difference between baseline
and post-treatment values of pulmonary function test, FEV1%was (72.68
� 8.36 vs. 75.94 � 7.78), FVC (%) was (82.60 � 8.40 vs. 85.32 � 9.12),
FEV1/FVC (%) was (68.70 � 7.22 vs. 71.20 � 7.61), PEF (%) was (53.32
� 4.7 vs. 55.52� 6.64) and FEF 25–75 (%) was (27.78� 3.28 vs. 29.06�
3.48) in baseline and post-treatment measurements respectively
(Table 2).

In BSO group, the post-treatment values of all pulmonary function
test increased significantly than baseline values, FEV1% was (73.76 �
8.91 vs. 81.97 � 6.89), FVC (%) was (83.12 � 8.18 vs. 91.13 � 7.97),
FEV1/FVC (%) was (67.34 � 0.70 vs. 75.19 � 0.64), PEF (%) was (54.78
� 6.39 vs. 65.28� 5.28) and FEF 25–75 (%) was (28.72� 3.21 vs. 35.04
� 5.20) in baseline and post-treatment measurements respectively
(Table 2).

When comparing post-treatment values in control group and BSO
group, it showed significantly higher values in BSO group in all pul-
monary function tests with p value (<0.001, 0.002, 0.001, <0.001, and
<0.001) for FEV1%, FVC%, FEV1/FVC%, PEF%, and FEF 25–75 (%)
respectively.

Percentage of change between baseline values and post-treatment
values was much higher in BSO group than in control group, as
FEV1%, FVC%, FEV1/FVC%, PEF%, and FEF 25–75 (%) recorded per-
centage of change (5.5, 3.35, 6.44, 3.67, and 6.24) respectively in con-
trol group while they were (11.22, 10.4, 11.65, 20.59, and 23.29)
respectively in BSO group (Table 2).

3.3. Impact of black seed oil intervention on plasma oxidative stress
markers

3.3.1. Intervention impact of black seed oil on thiobarbituric acid reactive
substances (TBARS)

TBARS level for control group at baseline was 6.74 � 1.28 nmol
MDA/ml which was slightly decreased to 6.24� 1.29 nmolMDA/ml (P¼
0.06) after 3 months of standard treatment while for BSO group at
baseline was 7.20 � 1.19 nmol MDA/ml which was decreased signifi-
cantly to 3.76 � 0.70 nmol MDA/ml (P < 0.001) after 3 months of
standard treatment plus intervention. The outcomes showed that TBARS
values were decreased significantly only in the BSO group viz. by
46.44% comparing with 5.71 % in control group versus corresponding
basic values (P < 0.001). Figure 2A.

3.3.2. Intervention impact of black seed oil on protein carbonyl (PC) content
control group showed that PC was 2.91 � 0.46 nmol carbonyl/mg

protein at baseline which was slightly decreased to 2.74 � 0.48 nmol
carbonyl/mg protein (P ¼ 0.08) after 3 months of standard treatment,
while BSO group showed baseline value of 2.98 � 0.56 nmol carbonyl/
mg protein which significantly decreased to 2.04 � 0.52 nmol carbonyl/
mg protein (P < 0.001) after 3 months of standard treatment plus
intervention. The outcome showed that PC content values were
decreased significantly only in the BSO group viz. by 30.27 % as against
4.14% in control group versus to that of corresponding basic values (P<

0.001). Figure 2B.

3.4. Impact of black seed oil intervention on plasma inflammatory markers
in patients of COPD

3.4.1. Intervention impact of black seed oil on tumor necrosis factor-alpha
(TNF- α)

The basic level of TNF- α for control group was 33.62 � 2.53 pg/ml
which was reduced significantly to 26.29 � 5.03 pg/ml (P < 0.001) after
3 months of standard treatment and the basic level of BSO group was
33.28 � 2.98 pg/ml which was decreased remarkably to 21.52 � 5.09
pg/ml (P < 0.001) after 3 months of standard treatment plus interven-
tion, but the extent of decreasing of TNF- α level was much more in BSO



Figure 1. Participants enrolment diagram.

Table 1. Clinical and demographic characteristics of 91 COPD patients.

Characteristics Control group (n ¼ 44) BSO group (n ¼ 47) Test (P-value)

Age (years) 55.18 � 4.27
40–66

53.74 � 4.68
40–66

1.61 (0.11)

Male 32 (72.7%) 31 (65.9%) 0.49 (0.48)

Females 12 (27.3%) 16 (34.1%)

Bodyweight (Kg) 73.74 � 8.35
55–90

71.52 � 8.21
58–90

1.34 (0.18)

Height (Cm) 170.14 � 7.96
155–186

169.16 � 8.49
155–188

0.59 (0.55)

BMI (Kg/m2) 25.46 � 2.28
19.57–31.63

25.09 � 3.16
16.76–32.85

0.68 (0.50)

Smokers 34 (77.3) 32 (68.1%) 0.96 (0.33)

Non smokers 10 (22.7) 15 (31.9%)

Pack years in smokers 38.92 � 7.82
25–51

39.61 � 7.93
29–52

0.37 (0.72)

Heartbeats (per min) 85.08 � 9.53
71–110

83.7 � 8.80
72–107

0.75 (0.45)

Systolic BP (mmHg) 126.04 � 13.26
110–145

127.62 � 10.94
115–145

0.65 (0.52)

Diastolic BP (mmHg) 81.82 � 8.26
65–95

83.1 � 7.42
65–95

0.82 (0.42)

Data are expressed as mean � SD and range; BMI: body mass index; BP: blood pressure.
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group viz. by 35.17 % against 22.24 % in control group versus
respective basic values (P < 0.001). Figure 2C.

3.4.2. Intervention impact of black seed oil on interleukin-6 (IL-6)
The basic value of IL-6 in control group was 4.01 � 0.52 pg/ml

which decreased significantly to 3.05 � 0.59 pg/ml (P < 0.001) after 3
months of standard treatment and for baseline BSO group was 4.12 �
0.47 pg/ml which significantly decreased to 2.52 � 0.60 pg/ml (P <

0.001) after 3 months of standard treatment plus intervention. However,
the degree of decrease in IL-6 level was greater in BSO group viz. by
37.52 % as against 22.79 % in control group versus relevant basic value.
Figure 2 D.
4

3.5. Impact of black seed oil intervention on plasma antioxidant markers in
patients of COPD

3.5.1. Intervention impact of black seed oil on catalase (CAT)
In control group patients, the standard treatment showed a minor

increase in CAT value from 60.76� 5.67 at baseline to 62.74� 4.64 (P¼
0.09), whereas in BSO group it increased from the baseline value of
57.61 � 3.47 to 77.79 � 6.97 (P < 0.001) after 3 months of standard
treatment plus intervention. The outcomes indicated that CAT activity
was improved significantly only in BSO group viz. by percentage of in-
crease 35.49 % in comparison to 7.33 % in control group (P < 0.001).
Figure 3A.



Table 2. Comparison of pulmonary function tests of COPD patients of the control group (standard therapy) and BSO group (black seed oil intervention) at the baseline
and after 3 month of study.

Parameters
Control group BSO group

Baseline n ¼ 50 Post 3 months n ¼ 44 P1-value % increase Baseline n ¼ 50 Post 3 months n ¼ 47 P2-value % increase P3-value

FEV1 (%) 72.68 � 8.36 75.94 � 7.78 0.06 5.5 73.76 � 8.91 81.97 � 6.89 <0.001* 11.22 <0.001*

FVC (%) 82.60 � 8.40 85.32 � 9.12 0.14 3.35 83.12 � 8.18 91.13 � 7.97 <0.001* 10.40 0.002*

FEV1/FVC (%) 68.70 � 7.22 71.20 � 7.61 0.08 6.44 67.34 � 0.70 75.19 � 0.64 0.012* 11.65 0.001*

PEF (%) 53.32 � 4.7 55.52 � 6.64 0.14 3.67 54.78 � 6.39 65.28 � 5.28 <0.001* 20.59 <0.001*

FEF 25–75 (%) 27.78 � 3.28 29.06 � 3.48 0.07 6.24 28.72 � 3.21 35.04 � 5.20 <0.001* 23.29 <0.001*

BSO group: COPD patients with standard treatment plus black seed oil; Control group: COPD patients with standard treatment; FEV1: forced expiratory volume in 1 s;
FEF 25–75%: forced expiratory flow at 25–75% of forced vital capacity (FVC); PEF: peak expiratory flow; P1 value: between baseline and 3months COPDwith standard
treatment; P2 value: between baseline and 3 months COPD with standard treatment plus black seed oil; P3 value: between COPD after 3 months of standard treatment
with and without black seed oil. Data were expressed as Mean � Standard deviation (SD), All pulmonary function tests measured as % predicted, *P < 0.05 was
significant.

Figure 2. Changes in oxidants and inflam-
matory markers from baseline to the end of 3-
month follow-up in the control group
(standard therapy) and BSO group (black
seed oil intervention). IL-6: interleukin-6;
TBARS: thiobarbituric acid reactive sub-
stances; TNF-α: tumor necrosis factor-alpha;
A: Changes in TBARS from baseline to the
end of 3-month follow-up in the control
group and BSO group; B: Changes in Protein
Carbonyl content from baseline to the end of
3-month follow-up in the control group and
BSO group; C: Changes in TNF-α from baseline
to the end of 3-month follow-up in the control
group and BSO group; D: Changes in IL-6 from
baseline to the end of 3-month follow-up in
the control group and BSO group.
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3.5.2. Intervention impact of black seed oil on glutathione peroxidase (GPx)
The basic level of GPx at baseline was 52.63� 1.30 for control group

which slightly increased to 55.42 � 2.60 (P ¼ 0.06) after 3 months of
standard treatment and for BSO group at baseline was 51.19 � 2.20
which was significantly increased to 69.46 � 2.70 (P < 0.001) after 3
months of standard treatment plus intervention. The percentage of in-
crease was remarkably higher in BSO group (37.62%) against only (3.47
%) in control group. Figure 3B.

3.5.3. Intervention impact of black seed oil on superoxide dismutase (SOD)
The basic value of SOD in control group was 2.86 � 0.87 which was

slightly increased to 3.31 � 1.16 (P ¼ 0.61) after 3 months of standard
treatment and the basic level in BSO group was 2.95 � 0.81 which was
significantly elevated to 4.02 � 1.17 (P < 0.001) after 3 months of the
5

standard treatment plus intervention. Outcomes revealed that SOD
values were improved significantly only in the BSO group viz. by 55.31
% in comparison to 23.03 % in control group versus concerning basic
values (P ¼ 0.001). Figure 3 C.

3.5.4. Impact of black seed oil on reduced glutathione (GSH)
The results showed that plasma GSH level in control group at the

baseline value was 13.63 � 4.11 mg/dl which increased a little to 15.73
� 4.38 mg/dl (P ¼ 0.11) after 3 months of standard treatment, whereas
for baseline BSO group was 14.02 � 4.50 mg/dl which significantly
increased to 20.07 � 7.25 mg/dl (P < 0.001) after 3 months of standard
treatment plus intervention. The GSH level heightened significantly in
the BSO group only viz. by 56.48 % in comparing to 12.98 % in control
group versus the corresponding basic value (P ¼ 0.001). Figure 3D.
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Figure 3. Changes in antioxidant markers from base-
line to the end of 3-month follow-up in the control
group (standard therapy) and BSO group (black seed
oil intervention). BSO: black seed oil; CAT: catalase;
GPx: glutathione peroxidase, GSH: glutathione; SOD:
superoxide dismutase; A: Changes in CAT from base-
line to the end of 3-month follow-up in the control
group and BSO group; B: Changes in GPx from baseline
to the end of 3-month follow-up in the control group
and BSO group; C: Changes in SOD from baseline to the
end of 3-month follow-up in the control group and BSO
group; D: Changes in reduced GSH from baseline to the
end of 3-month follow-up in the control group and BSO
group; E: Changes in vitamin C from baseline to the
end of 3-month follow-up in the control group and BSO
group; F: Changes in vitamin E from baseline to the end
of 3-month follow-up in the control group and BSO
group.
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3.5.5. Intervention impact of black seed oil on vitamin C
In control group, standard treatment showed a tenuous increasing in

vitamin C level from 0.35 � 0.02 at baseline to 0.37 � 0.02 (P ¼ 0.42)
after 3 months, while the standard treatment plus intervention in BSO
group shows a significant increase from the baseline value of 0.36� 0.02
to 0.60 � 0.02 (P < 0.001) after 3 months. These results indicate that
vitamin C levels raised significantly only in the BSO group viz. by 73.76
% as opposed to 16.34 % in control group versus corresponding basic
levels (P < 0.001). Figure 3E.

3.5.6. Intervention impact of black seed oil on vitamin E
Vitamin E level for control group at baseline was 0.57 � 0.02 mg/dl

which insignificantly increased to 0.59 � 0.02 mg/dl (P ¼ 0.72) after 3
months of standard treatment, as for BSO group at baseline was 0.54 �
0.02 mg/dl which significantly rose to 0.88 � 0.02 (P < 0.001) after 3
months of the standard treatment plus intervention. These data indicate
that vitamin E levels elevated significantly only in the BSO group viz. by
69.23 % counter to 8.26 % in control group versus corresponding basic
levels. Figure 3 F.

4. Discussion

The current study endeavored to appraise the influences of black seed
oil intervention as an adjunct therapy to the standard medication on
pulmonary functions and cellular and molecular markers of oxidant-
6

antioxidants and inflammation in 91 patients with mild/moderate
COPD to explore the potential impacts of this intervention on this
disease.

The results of this study exhibited many positive effects on various
aspects of controlling COPD especially lung function, inflammation of the
airways, and oxidant-antioxidant status. The peculiarity of the current
study was to make the greatest possible effort to promote compliance
through frequent contact with participants between visits. Therefore, we
achieved a good compliance rate among our patients (>90%). Black seed
oil, in general, is well tolerated and did not report any side effects by any
of the participants.

4.1. Pulmonary function tests

Spirometry is the most dependable technique for appraising lung
function. Our results revealed that there was a significant amelioration in
lung function tests [(FVC, FEV1/FVC, PEF, and FEF 25–75 (% pre-
dicted))] in the BSO group. These findings recorded that black seed oil
complementation particularly improved forced expiratory flow over the
middle one half of the vital capacity (FEF25-75%). It is well-known that
FEF25-75% is an index of small airways obstruction [31]. Besides, our
findings were compatible with other clinical investigations that indicated
that after 4 weeks of administration of Nigella sativa oil in bronchial
asthma, patients had fewer asthma attacks, lower blood eosinophils and
better peak expiratory flow (PEF%) and forced expiratory volume
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(FEV1%) [32]. As well, the bronchodilator effect of Nigella Sativa
(boiled extract) has been compared with theophylline on 15 asthma
patients. The extract gave rise to an important increase in all pulmonary
function tests measured in this study [17, 33]. In another study con-
ducted on 77 patients with asthma, they were divided into 3 groups; the
control group was given the placebo, and two groups were given 1 and 2
mg/day of Nigella sativa (whole ground seeds), respectively, for 3
months alongside inhalation therapy. After treatment, both groups of
Nigella sativa showed a significant drop in asthma attacks and bestead
results in lung function tests as their levels were higher than they were at
baseline [34]. Also, the prophylactic impact of Nigella sativa (boiled
extract) has been confirmed in asthma patients [16] and chemical war-
fare victims [33]. All symptoms and pulmonary functions were improved
after 3 months of treatment. Additionally, the use of inhaled/oral β-ag-
onists, oral/inhaled corticosteroid, oral theophylline were decreased in
patients who treated with Nigella sativa [16, 33]. Supplements of Ni-
gella Sativa oil resulted in betterment in clinical and inflammatory pa-
rameters for patients with asthma such as pulmonary function tests,
asthma control test (ACT), total serum immunoglobulin E (IgE), and
blood eosinophils [16, 17, 32, 34]. In addition, oil and other extracts of
Nigella Sativa have been found to have inhibitory effects on histamine
H1 receptors [33], stimulating effects on β-adrenergic receptors [35],
antitussive effects [36], and anti-allergic diseases (bronchial asthma,
atopic eczema, and allergic rhinitis) [18].

4.2. Inflammation and oxidative stress

There is a confirmed relevance between oxidative stress and inflam-
matory processes in obstructive airway diseases, especially COPD and
asthma [3, 37, 38]. TNF-α is a powerful systemic proinflammatory
cytokine, generated primarily by stimulatory macrophages that are
believed to play a decisive part in COPD pathogenesis by promoting and
maintaining expression and releasing of many proinflammatory media-
tors that lead to tissue damage and remodeling. Several studies have
indicated elevated TNF-α levels in COPD subjects with systemic inflam-
mation [39].

IL-6 can be produced in the lung through various sources such as
macrophages, interstitial fibroblasts, epithelial cells, and different in-
flammatory cells. Its production is induced in answer to a set of stimu-
lates such as exercise, respiratory viruses, allergens, environmental
molecules, and inhaled toxic particles [40]. The first studies that exam-
ined the possible role of IL-6 in the pathogenesis of COPD concluded that
there were increased IL-6 in induced sputum from COPD subjects, and
more importantly, increased IL-6 levels are correlated with faster decline
in percentage predicted FEV1 [41,42]. In addition, a longitudinal study
on markers of inflammation in patients with COPD over three years in-
dicates that high serum IL-6 levels predict increased mortality in COPD
[43].

Another major cause of airway inflammation in COPD is oxidative
stress. The oxidant-antioxidants imbalance may play an essential role in
COPD emerging [44]. Thiobarbituric acid reactive substances (TBARS)
and malondialdehyde (MDA) are the two most common markers applied
in screening oxidative injury. MDA as a prospective biomarker for
appraising the state of oxidative stress in patients with COPD has been
investigated in a number of studies using the TBARS method. Most of the
results of these studies revealed a remarkable increase in TBARS MDA in
patients with COPD versus healthy individuals [37, 45]. Protein
carbonylation (PC) is the most copious byproduct of oxidative damage in
proteins. Thus, the existence of carbonyl groups in proteins is widely used
as a marker of ROS-mediated protein oxidation [46]. A lot of studies have
exhibited a marked increase in carbonyl protein in the plasma of COPD
patients [47, 48].

The oxidative stress implicated in COPD pathogenesis is not only an
outcome of increased oxidative burden but also due to decreased anti-
oxidant capacity. Many clinical studies in COPD patients reported: a
7

significant reduction of blood level of antioxidants markers such as SOD,
CAT, GPx, GSH, vitamin C, and E [3, 37, 49, 50, 51, 52, 53].

Different strategies have been tested to correct an oxidative/antiox-
idant imbalance. One technique is to give efficacious anti-inflammatory
treatment to minimize lung inflammation, which in turn will reduce
oxidative stress. Also, some agents can be used to inhibit releasing of
oxygen radicals by the stimulated leukocytes or to suppress those
oxidizing substances once they are developed by strengthening the anti-
oxidant shield in the lungs. A further approach is to simply manage
antioxidant treatment [54, 55]. The latter can be accomplished by two
processes, either by enhancing the enzymatic endogenous antioxidants;
superoxide dismutase, Se-dependent glutathione peroxidase, catalase,
glutathione reductase or by enhancing the non-enzymatic antioxidants
such as vitamins (A, C, E), tetraterpenoids, bioflavonoid, glutathione,
plant polyhydroxyphenols, uric acid, melatonin, theaflavin, curcuma
longa, bilirubin, and polyamines through food or drug sources [56, 57].
The different extracts and ingredients of Nigella sativa demonstrated
antioxidant and anti-inflammatory functions in animal and human
models of some obstructive airway diseases correlated with oxidative
stress, inflammation, and immune system dysfunction.

Our study has revealed that the effect of the addition of black seed oil
for 3 months with the routine COPD medication, significantly reduced
inflammatory markers (IL-6 and TNF-α) and oxidants (TBARS and pro-
tein carbonyl content), and increases the antioxidants (SOD, CAT, GPx,
GSH, vitamin C, and vitamin E) in COPD subjects. These results were
consistent with other clinical studies that confirmed anti-inflammatory
and antioxidant effects of black seed and its constituents on other res-
piratory diseases [34, 58, 59] and in other organs disease [60, 61, 62,
63].

Also, in experimental animal with lung injury and asthmatic condi-
tion with supplementation of black seed and its ingredients as preventive,
antioxidative and anti-inflammatory; reduced the serum level of lipid
peroxidation (LPO) and myeloperoxidase (MPO) activity and improved
the GSH and SOD in rat lung sepsis model [64], decreasing lung
inflammation and tracheal response with efficacy similar to vitamin C in
guinea pigs subjected to cigarette smoke (COPD guinea pig model) [65],
reducing the count of eosinophils in the peripheral blood and inflam-
matory cells in the lung tissue of the mice model of allergic asthma, with
efficacy similar to the effects of dexamethasone [66], normalization of
serum malondialdehyde (MDA), IL-8 levels, WBC total changes, eosino-
phils, neutrophils and lymphocyte ratios in a guinea pig model of COPD
[67], improving WBC count, serum levels of IL-6 and SOD activity in
heart and lung injury in mice induced by diesel exhaust particles (DEP)
[68], mitigating changes in lung and serum biomarkers correlated with
inflammatory reactions, with less lipid peroxidation (LPO) and recovery
of antioxidants; decreasing TNF-α and TBARS, but increased GSH and
SOD in lung oxidative injury of rats induced by Cyclophosphamide (CP)
[69]. These results indicate the anti-inflammatory and antioxidant
properties and consequently a relaxant (bronchodilator) and a preventive
effect of black seed and their components in obstructive pulmonary
diseases where both inflammation and oxidative stress function an
essential role in the pathogenesis and development of these diseases; this
is fully consistent with the findings of the current study in one of the most
serious of these diseases, which is the chronic obstructive pulmonary
disease.

There were no significant limitations in the present study. However,
reaching patients on frequent visits and ensuring the drug was used was a
bit challenging. This was resolved by staying in touch with patients and
encouraging their regular use of the drug. Also, the number of partici-
pants is relatively small, due to strict adherence to the inclusion and
exclusion criteria, in addition to the unwillingness of many patients to
use medical herbal or their components. Another limitation of this study
is that we applied only one dose of Black seed oil supplement, which
makes it difficult to deduce its optimal effective dose.
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5. Conclusion

Black seed oil as an adjunct therapy in COPD patients significantly
improves lung functions and maintains the oxidant-antioxidant balance,
in addition to its effect in reducing the aggravation of inflammatory
processes in COPD patients by limiting the level of inflammatory markers
(TNF-α and IL-6). This study has shown promising and novel results in the
improvement of many parameters associated directly with the origina-
tion and development of the disease.

Declarations

Author contribution statement

M.A. Al-Azzawi, R.A.L. Ibrahem and M.A. Sakr: Conceived and
designed the experiments; Performed the experiments; Analyzed and
interpreted the data; Contributed reagents, materials, analysis tools or
data; Wrote the paper.

M.M.N. AboZaid: Conceived and designed the experiments; Per-
formed the experiments; Analyzed and interpreted the data; Wrote the
paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Competing interest statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

References

[1] S. Mirza, R.D. Clay, M.A. Koslow, et al., COPD guidelines: a review of the 2018
GOLD report, Mayo Clin. Proc. 93 (2018) 1488–1502 [PMID:30286833].

[2] R. Balkissoon, S. Lommatzsch, B. Carolan, et al., Chronic obstructive pulmonary
disease: a concise review, Med Clin North Am 95 (2011) 1125–1141 [PMID:
22032431].

[3] W. Domej, K. Oettl, W. Renner, Oxidative stress and free radicals in COPD–
implications and relevance for treatment, Int. J. Chronic Obstr. Pulm. Dis. 9 (2014)
1207–1224 [PMID:25378921], [PMCID:PMC4207545].

[4] C. Crim, M.T. Dransfield, J. Bourbeau, et al., Pneumonia risk with inhaled
fluticasone furoate and vilanterol compared with vilanterol alone in patients with
COPD, Ann. Am. Thorac. Soc. 12 (2015) 27–34 [PMID:25490706].

[5] H. Qureshi, A. Sharafkhaneh, N.A. Hanania, Chronic obstructive pulmonary disease
exacerbations: latest evidence and clinical implications, Ther. Adv. Chronic. Dis. 5
(2014) 212–227 [PMID: 25177479], [PMCID: PMC4131503].

[6] L.M. Fabbri, P.M. Calverley, J.L. Izquierdo-Alonso, et al., Roflumilast in moderate-
to-severe chronic obstructive pulmonary disease treated with longacting
bronchodilators: two randomised clinical trials, Lancet 374 (2009) 695–703 [PMID:
19716961].

[7] N.J. Gross, P.J. Barnes, New therapies for asthma and chronic obstructive
pulmonary disease, Am. J. Respir. Crit. Care Med. 195 (2017) 159–166 [PMID:
27922751].

[8] F.M. Franssen, P. Alter, N. Bar, et al., Personalized medicine for patients with COPD:
where are we? Int. J. Chronic Obstr. Pulm. Dis. 14 (2019) 1465–1484 [PMID:
31371934], [PMCID:PMC6636434].

[9] E. Scoditti, M. Massaro, S. Garbarino, et al., Role of diet in chronic obstructive
pulmonary disease prevention and treatment, Nutrients 11 (2019) 1357 [PMID:
31208151], [PMCID: PMC6627281].

[10] G. Zhen, J. Jing, L. Fengsen, Traditional Chinese medicine classic herbal formula
Xiaoqinglong decoction for acute exacerbation of chronic obstructive pulmonary
disease: a systematic review protocol, Medicine (Baltim.) 97 (2018) 13761 [PMID:
30593152], [PMCID: PMC6314719].

[11] H.P. Kim, H. Lim, Y.S. Kwon, Therapeutic potential of medicinal plants and their
constituents on lung inflammatory disorders, Biomol. Ther. (Seoul) 25 (2017)
91–104 [PMID: 27956716], [PMCID: PMC5340533].

[12] M. Ikhsan, N. Hiedayati, K. Maeyama, et al., Nigella sativa as an anti-inflammatory
agent in asthma, BMC Res. Notes 11 (2018) 744 [PMID:30340634], [PMCID:
PMC6194640].
8

[13] Z. Gholamnezhad, F. Shakeri, S. Saadat, et al., Clinical and experimental effects of
Nigella sativa and its constituents on respiratory and allergic disorders, Avicenna J.
Phytomed. 9 (2019) 195–212 [PMID: 31143688], [PMCID: PMC6526035].

[14] E.M. Yimer, K.B. Tuem, A. Karim, et al., Nigella sativa L. (black cumin): a promising
natural remedy for wide range of illnesses, Evid. Compl. Alternat. Med. 2019 (2019)
1528635 [PMID: 31214267]; [PMCID: PMC6535880].

[15] N. Wienkotter, D. Hopner, U. Schutte, et al., The effect of nigellone and
thymoquinone on inhibiting trachea contraction and mucociliary clearance, Planta
Med. 74 (2008) 105–108 [PMID: 18219598].

[16] M.H. Boskabady, H. Javan, M. Sajady, et al., The possible prophylactic effect of
Nigella sativa seed extract in asthmatic patients, Fundam. Clin. Pharmacol. 21
(2007) 559–566 [PMID:17868210].

[17] M.H. Boskabady, N. Mohsenpoor, L. Takaloo, Antiasthmatic effect of Nigella sativa in
airways of asthmatic patients, Phytomedicine 17 (2010) 707–713. PMID:20149611.

[18] U. Kalus, A. Pruss, J. Bystron, et al., Effect of Nigella sativa (black seed) on
subjective feeling in patients with allergic diseases, Phytother Res. 17 (2003)
1209–1214 [PMID: 14669258].

[19] L. Bordoni, D. Fedeli, C. Nasuti, et al., Antioxidant and anti-inflammatory properties
of Nigella sativa oil in human pre-adipocytes, Antioxidants (Basel) 8 (2019) 51
[PMID: 30823525].

[20] Z. Gholamnezhad, R. Keyhanmanesh, M.H. Boskabady, Anti-inflammatory,
antioxidant, and immunomodulatory aspects of Nigella sativa for its preventive and
bronchodilatory effects on obstructive respiratory diseases: a review of basic and
clinical evidence, J. Funct. Foods. 17 (2015) 910–927.

[21] A. Ahmad, A. Husain, M. Mujeeb, et al., A review on therapeutic potential of Nigella
sativa: a miracle herb, Asian Pac. J. Trop. Biomed. 3 (2013) 337–352 [PMID:
23646296], [PMCID: PMC3642442].

[22] M.F. Noorbakhsh, H. Shaterzadeh-Yazdi, F. Hayati, et al., Protective effects of
thymoquinon on pulmonary disorders in experimental studies, Tanaffos 17 (2018)
211–222 [PMID: 28933274].

[23] K. Yagi, Simple procedure for specific assay of lipid hydroperoxides in serum or
plasma, Methods Mol. Biol. 108 (1988) 107–110 [PMID: 9921520].

[24] A.Z. Reznick, L. Packer, Oxidative damage to proteins: spectrophotometric method
for carbonyl assay, Methods Enzymol. 233 (1994) 357–363 [PMID: 8015470].

[25] C.R. Wheeler, J.A. Salzman, N.M. Elsayed, et al., Automated assays for superoxide
dismutase, catalase, glutathione peroxidase and glutathione reductase activity,
Anal. Biochem. 184 (1990) 193–199 [PMID: 2327564].

[26] H.E. Roxborough, C. Mercer, D. McMaster, et al., Plasma glutathione peroxidase
activity is reduced in haemodialysis patients, Nephron 81 (1999) 278–283 [PMID:
10050081].

[27] C. Nebot, M. Moutet, P. Huet, et al., Spectrophotometric assay of superoxide
dismutase activity based on the activated autoxidation of a tetracyclic catechol,
Anal. Biochem. 214 (1993) 442–451 [PMID: 8109732].

[28] F. Tietze, Enzymic method for quantitative determination of nanogram amounts of
total and oxidized glutathione: applications to mammalian blood and other tissues,
Anal. Biochem. 27 (1969) 502–522 [PMID: 4388022].

[29] J.D. Adams Jr., B.H. Lauterburg, J.R. Mitchell, Plasma glutathione and glutathione
disulfide in the rat: regulation and response to oxidative stress, J. Pharmacol. Exp.
Therapeut. 227 (1983) 749–754 [PMID: 6655568].

[30] CONSORT 2010, Diagram, Online document at: http://www.consort-statement.org
/media/default/downloads/CONSORT%202010%20Checklist.pdf. (Accessed 5
August 2020).

[31] D. Deepak, A. Prasad, S.S. Atwal, et al., Recognition of small airways obstruction in
asthma and COPD - the road less travelled, J. Clin. Diagn. Res. 11 (2017)
TE01–TE05 [PMID:28511478]; [PMCID:PMC5427404].

[32] A. Koshak, L. Wei, E. Koshak, et al., Nigella sativa supplementation improves
asthma control and biomarkers: a randomized, double-blind, placebo-controlled
trial, Phytother Res. 31 (2017) 403–409 [PMID: 28093815].

[33] M.H. Boskabady, J. Farhadi, The possible prophylactic effect of Nigella sativa seed
aqueous extract on respiratory symptoms and pulmonary function tests on chemical
war victims: a randomized, double-blind, placebo-controlled trial, J. Alternative
Compl. Med. 14 (2008) 1137–1144 [PMID: 18991514].

[34] A.M. Salem, A.O. Bamosa, H.O. Qutub, et al., Effect of Nigella sativa
supplementation on lung function and inflammatory mediatorsin partly controlled
asthma: a randomized controlled trial, Ann. Saudi Med. 37 (2017) 64–71 [PMID:
28151459], [PMCID:PMC6148976].

[35] M.H. Boskabady, B. Shirmohammadi, P. Jandaghi, et al., Possible mechanism(s) for
relaxant effect of aqueous and macerated extracts from Nigella sativa on tracheal
chains of Guinea pig, BMC Pharmacol. 4 (2004) 3 [PMID: 15070429], [PMCID:
PMC385228].

[36] H. Hosseinzadeh, M. Eskandari, T. Ziaee, Antitussive effect of thymoquinone, a
constituent of Nigella sativa seeds, in Guinea pigs, Pharmacologyonline 2 (2008)
480–484 [Google Scholar].

[37] A. Wozniak, D. Gorecki, M. Szpinda, et al., Oxidant-antioxidant balance in the blood
of patients with chronic obstructive pulmonary disease after smoking cessation,
Oxid. Med. Cell Longev. 2013 (2013) 897075 [PMID: 24089631], [PMCID:
PMC3780624].

[38] E. Zinellu, A. Zinellu, A.G. Fois, et al., Circulating biomarkers of oxidative stress in
chronic obstructive pulmonary disease: a systematic review, Respir. Res. 17 (2016)
150.

[39] C.H. Chiang, C.H. Chuang, S.L. Liu, Transforming growth factor-β1 and tumor
necrosis factor-α are associated with clinical severity and airflow limitation of
COPDin an additive manner, Lung 192 (2014) 95–102 [PMID: 24153451].

[40] M. Rincon, C.G. Irvin, Role of IL-6 in asthma and other inflammatory pulmonary
diseases, Int. J. Biol. Sci. 8 (2012) 1281–1290 [PMID: 23136556], [PMCID:
PMC3491451].

http://refhub.elsevier.com/S2405-8440(20)31554-1/sref1
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref1
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref1
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref2
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref2
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref2
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref2
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref3
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref3
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref3
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref3
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref4
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref4
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref4
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref4
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref5
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref5
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref5
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref5
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref6
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref6
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref6
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref6
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref6
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref7
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref7
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref7
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref7
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref8
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref8
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref8
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref8
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref9
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref9
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref9
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref10
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref10
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref10
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref10
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref11
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref11
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref11
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref11
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref12
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref12
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref12
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref13
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref13
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref13
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref13
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref14
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref14
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref14
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref15
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref15
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref15
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref15
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref16
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref16
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref16
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref16
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref17
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref17
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref17
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref18
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref18
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref18
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref18
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref19
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref19
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref19
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref20
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref20
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref20
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref20
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref20
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref21
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref21
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref21
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref21
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref22
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref22
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref22
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref22
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref23
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref23
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref23
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref24
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref24
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref24
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref25
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref25
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref25
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref25
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref26
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref26
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref26
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref26
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref27
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref27
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref27
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref27
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref28
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref28
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref28
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref28
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref29
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref29
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref29
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref29
http://www.consort-statement.org/media/default/downloads/CONSORT&percnt;202010&percnt;20Checklist.pdf
http://www.consort-statement.org/media/default/downloads/CONSORT&percnt;202010&percnt;20Checklist.pdf
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref31
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref31
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref31
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref31
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref32
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref32
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref32
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref32
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref33
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref33
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref33
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref33
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref33
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref34
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref34
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref34
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref34
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref34
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref35
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref35
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref35
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref35
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref36
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref36
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref36
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref36
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref37
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref37
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref37
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref37
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref38
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref38
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref38
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref39
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref40
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref40
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref40
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref40


M.A. Al-Azzawi et al. Heliyon 6 (2020) e04711
[41] H. Grubek-Jaworska, M. Paplinska, J. Hermanowicz-Salamon, et al., IL-6 and IL-13
in induced sputum of COPD and asthma patients: correlation with respiratory tests,
Respiration 84 (2012) 101–107 [PMID: 22311051].

[42] O. Eickmeier, M. Huebner, E. Herrmann, et al., Sputum biomarker profiles in cystic
fibrosis (CF) and chronic obstructive pulmonary disease (COPD) and association
between pulmonary function, Cytokine 50 (2010) 152–157 [PMID:20181491].

[43] B.R. Celli, N. Locantore, J. Yates, et al., Inflammatory biomarkers improve clinical
prediction of mortality in chronic obstructive pulmonary disease, Am. J. Respir.
Crit. Care Med. 185 (2012) 1065–1072 [PMID:22427534].

[44] C. Marginean, M.S. Popescu, M. Vladaia, et al., Involvement of oxidative stress in
COPD, Curr. Health Sci. J. 44 (2018) 48–55 [PMID: 30622755]; [PMCID:
PMC6295184].

[45] N. Dhakal, M. Lamsal, N. Baral, et al., Oxidative stress and nutritional status in
chronic obstructive pulmonary disease, J. Clin. Diagn. Res. 9 (2015) BC01–BC04.
PMCID: PMC4378724.

[46] E.S. Gonos, M. Kapetanou, J. Sereikaite, et al., Origin and pathophysiology of
protein carbonylation, nitration and chlorination in age-related brain diseases and
aging, Aging (Albany NY) 17 (2018) 868–901. PMCID: PMC5990388.

[47] E. Puig-Vilanova, D.A. Rodriguez, J. Lloreta, et al., Oxidative stress, redox signaling
pathways, and autophagy in cachectic muscles of male patients with advanced
COPD and lung cancer, Free Radic. Biol. Med. 79 (2015) 91–108. PMID: 25464271.

[48] A. ben Anes, H. Fetoui, S. Bchir, et al., Increased oxidative stress and altered levels
of nitric oxide and peroxynitrite in Tunisian patients with chronic obstructive
pulmonary disease: correlation with disease severity and airflow obstruction, Biol.
Trace Elem. Res. 161 (2014) 20–31. PMID: 25074430.

[49] S. Singh, S.K. Verma, S. Kumar, et al., Evaluation of oxidative stress and antioxidant
status in chronic obstructive pulmonary disease, Scand. J. Immunol. 85 (2017)
130–137 [PMID: 28256060].

[50] I. Stanojkovic, J. Kotur-Stevuljevic, B. Milenkovic, et al., Pulmonary function,
oxidative stress and inflammatory markers in severe COPD exacerbation, Respir.
Med. 105 (2011) S31–S37. PMID: 22015083.

[51] M.A. Al-Azzawi, A.H. Ghoneim, I. Elmadbouh, Evaluation of vitamin D, vitamin D
binding protein gene polymorphism with oxidant - antioxidant profiles in chronic
obstructive pulmonary disease, J. Med. Biochem. 36 (2017) 331–340. PMID:
30581330 PMCID:PMC6294086.

[52] P. Pearson, J. Britton, T. McKeever, et al., Lung function and blood levels of copper,
selenium, vitamin C and vitamin E in the general population, Eur. J. Clin. Nutr. 59
(2005) 1043–1048. PMID:16015272.

[53] T. Tug, F. Karatas, S.M. Terzi, Antioxidant vitamins (A, C and E) and
malondialdehyde levels in acute exacerbation and stable periods of patients with
chronic obstructive pulmonary disease, Clin. Invest. Med. 27 (2004) 123–128
[PMID: 15305803].

[54] F.A. V�ezina, A.M. Cantin, Antioxidants and chronic obstructive pulmonary disease,
Chronic. Obstr. Pulm Dis. 8 (2018) 277–288. PMID: 30723785; PMCID:
PMC6361482.

[55] S. Biswas, J.W. Hwang, P.A. Kirkham, et al., Pharmacological and dietary
antioxidant therapies for chronic obstructive pulmonary disease, Curr. Med. Chem.
20 (2013) 1496–1530. PMID: 22963552.

[56] I. Rahman, Antioxidant therapeutic advances in COPD, Ther. Adv. Respir. Dis. 2
(2008) 351–374. PMID:19124382 PMCID: PMC2744584.
9

[57] I. Rahman, S.K. Biswas, A. Kode, Oxidant and antioxidant balance in the airways
and airway diseases, Eur. J. Pharmacol. 533 (2006) 222–239. PMID:16500642.

[58] M. Mansour, S. Tornhamre, Inhibition of 5-lipoxygenase and leukotriene C4
synthase in human blood cells by thymoquinone, J. Enzym. Inhib. Med. Chem. 19
(2004) 431–436 [PubMed].

[59] N. Susanti, W. Barlianto, H. Kalim, et al., Asthma clinical improvement and
reduction in the number of CD4 CD25 foxp3 Treg and CD4 IL-10 cells after
administration of immunotherapy house dust mite and adjuvant probiotics and/or
Nigella Sativa powder in mild asthmatic children, IOSR J. Dent. Med. Sci. 7 (2013)
50–59 [Google Scholar].

[60] V. Hadi, S. Kheirouri, M. Alizadeh, et al., Effects of Nigella sativa oil extract on
inflammatory cytokine response and oxidative stress status in patients with
rheumatoid arthritis: a randomized, double-blind, placebo-controlled clinical trial,
Avicenna J. Phytomed. 6 (2016) 34–43 [PMID: 27247920], [PMCID:
PMC4884216].

[61] R.M. Mostafa, Y.M. Moustafa, Z. Mirghani, et al., Antioxidant effect of garlic
(Allium sativum) and black seeds (Nigella sativa) in healthy postmenopausal
women, SAGE Open Med. 1 (2013), 2050312113517501 PMID: 26770698, PMCID:
PMC4687760.

[62] N. Namazi, R. Mahdavi, M. Alizadeh, et al., Oxidative stress responses to Nigella
sativa oil concurrent with a low-calorie diet in obese women: a randomized, double-
blind controlled clinical trial, Phytother Res. 29 (2015) 1722–1728 [PMID:
26179113].

[63] E. Razmpoosh, S. Safi, M. Mazaheri, et al., Effects of oral Nigella sativa oil on the
expression levels and serum concentrations of adiponectin, PPAR-gamma, and TNF-
alpha in overweight and obese women: a study protocol for a crossover-designed,
double-blind, placebo-controlled randomized clinical trial, Trials 20 (2019) 512
[PMID:31420057], [PMCID: PMC6698025].

[64] Y. Bayir, A. Albayrak, I. Can, et al., Nigella sativa as a potential therapy for the
treatment of lung injury caused by cecal ligation and puncture-induced sepsis
model in rats, Cell. Mol. Biol. (Noisy-Le-Grand) 58 (2012) OL1680–OL1687 [PMID:
22762529].

[65] R. Keyhanmanesh, H. Nazemiyeh, H. Mazouchian, et al., Nigella sativa
pretreatment in Guinea pigs exposed to cigarette smoke modulates in vitro tracheal
responsiveness, Iran. Red Crescent Med. J. 16 (2014), e10421 [PMID: 25237561],
[PMCID:4166080].

[66] A.T. Abbas, M.M. Abdel-Aziz, K.R. Zalata, et al., Effect of dexamethasone and
Nigella sativa on peripheral blood eosinophil count, IgG1 and IgG2a, cytokine
profiles and lung inflammation in murine model of allergic asthma, Egypt. J.
Immunol. 12 (2005) 95–102 [PMID: 16734144].

[67] L.G. Mahtaj, A. Feizpour, M. Kianmehr, et al., The effect of carvacrol on systemic
inflammation in Guinea pigs model of COPD induced by cigarette smoke exposure,
Pharmacol. Rep. 67 (2015) 140–145 [PMID: 25560588].

[68] A. Nemmar, S. Al-Salam, S. Zia, et al., Contrasting actions of diesel exhaust particles
on the pulmonary and cardiovascular systems and the effects of thymoquinone, Br.
J. Pharmacol. 164 (2011) 1871–1882. PMID: 21501145, PMCID: PMC3246712.

[69] G.M. Suddek, N.A. Ashry, N.M. Gameil, Thymoquinone attenuates
cyclophosphamide-induced pulmonary injury in rats, Inflammopharmacology 21
(2013) 427–435 [ PMID:23196752].

http://refhub.elsevier.com/S2405-8440(20)31554-1/sref41
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref41
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref41
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref41
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref42
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref42
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref42
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref42
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref43
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref43
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref43
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref43
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref44
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref44
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref44
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref44
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref45
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref45
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref45
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref45
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref46
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref46
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref46
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref46
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref47
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref47
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref47
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref47
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref48
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref48
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref48
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref48
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref48
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref49
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref49
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref49
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref49
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref50
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref50
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref50
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref50
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref51
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref51
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref51
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref51
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref51
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref52
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref52
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref52
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref52
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref53
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref53
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref53
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref53
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref53
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref54
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref54
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref54
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref54
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref54
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref55
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref55
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref55
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref55
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref56
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref56
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref56
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref57
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref57
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref57
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref58
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref58
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref58
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref58
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref59
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref60
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref61
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref61
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref61
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref61
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref62
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref62
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref62
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref62
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref62
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref63
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref63
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref63
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref63
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref63
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref64
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref64
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref64
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref64
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref64
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref65
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref65
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref65
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref65
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref66
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref66
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref66
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref66
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref66
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref67
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref67
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref67
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref67
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref68
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref68
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref68
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref68
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref69
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref69
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref69
http://refhub.elsevier.com/S2405-8440(20)31554-1/sref69

	Therapeutic effects of black seed oil supplementation on chronic obstructive pulmonary disease patients: A randomized contr ...
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Inclusion and exclusion criteria
	2.3. Participants
	2.3.1. Sample size calculation

	2.4. Pulmonary functions
	2.5. Patients samples
	2.6. Chemical procedures
	2.7. Statistical analyses

	3. Results
	3.1. Patients
	3.2. Pulmonary function tests among the studied groups
	3.3. Impact of black seed oil intervention on plasma oxidative stress markers
	3.3.1. Intervention impact of black seed oil on thiobarbituric acid reactive substances (TBARS)
	3.3.2. Intervention impact of black seed oil on protein carbonyl (PC) content

	3.4. Impact of black seed oil intervention on plasma inflammatory markers in patients of COPD
	3.4.1. Intervention impact of black seed oil on tumor necrosis factor-alpha (TNF- α)
	3.4.2. Intervention impact of black seed oil on interleukin-6 (IL-6)

	3.5. Impact of black seed oil intervention on plasma antioxidant markers in patients of COPD
	3.5.1. Intervention impact of black seed oil on catalase (CAT)
	3.5.2. Intervention impact of black seed oil on glutathione peroxidase (GPx)
	3.5.3. Intervention impact of black seed oil on superoxide dismutase (SOD)
	3.5.4. Impact of black seed oil on reduced glutathione (GSH)
	3.5.5. Intervention impact of black seed oil on vitamin C
	3.5.6. Intervention impact of black seed oil on vitamin E


	4. Discussion
	4.1. Pulmonary function tests
	4.2. Inflammation and oxidative stress

	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


