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INTRODUCTION

ABSTRACT

Background: In this study, an attempt was made to estimate to what degree Nigella
sativa oil (NSO) could reduce the destruction produced by irradiation on the
haematopoietic system, liver function and histopathological changes of liver tissues,
and malondialdehyde MDA level in albino mice exposed to whole-body x-radiation.
Materials and Methods: the mice were divided into four different groups. Group |
(negative control group) received deionized water. Group Il (6 Gy group) was exposed
to whole-body X-irradiation at 6 Gy. Group Il (NSO) received NSO orally (10 ml/kg).
Group IV (NSO+6 Gy) received NSO orally (10 ml/kg) for 5 days prior to irradiation.
Results: The results of the group exposed to 6 Gy X-irradiation showed a decrease in
red blood cell count, haemoglobin, hematocrit, mean corpuscular volume and mean
corpuscular haemoglobin (all with P < 0.05), while for the group that received NSO
before irradiation, all the mentioned parameters were ameliorated and shifted toward
normal values. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
enzyme levels were showed to be affected: they both increased during irradiation in
the (6 Gy) group and decreased in the (NSO + 6 Gy) group. Histopathological
alterations were also observed when the liver was irradiated in the (6 Gy) group.
However, the (NSO+6 Gy) group demonstrated a lowering of the incidence of
histopathological changes in liver tissues. Conclusion: it is clear that mice treated with
NSO oil prior to X-irradiation had reduced alteration in the haematological
parameters, hepatocyte lipid peroxidation and the histology of the liver.

impairment occurs in the oxidant/antioxidant
equilibrium system, it is mainly attributed either to

Ionizing radiation is widely used for various
purposes, including cancer radiotherapy, diagnosis
and non-clinical applications. Despite their notable
applications, ionizing radiations can damage tissues
and organs through direct and indirect actions. In
direct action, radiation energy is absorbed by cell
structures, particularly DNA, leading to molecular
damage. In indirect action, most of the energy is
absorbed by water molecules; as a result, free
radicals, which have unpaired electrons and are
highly chemically reactive, are produced (1.2). The free
radicals may diffuse a distance of about twice the
DNA radius and interact with DNA molecules, causing
cell death, DNA damage, chromosomal aberrations
and carcinogenesis ). In the human body, when

an increase in the reactive oxygen species (ROS) or to
defects in antioxidant enzymes. Both cause cell
damage and, eventually, many diseases 5. The liver
is a susceptible organ affected by gradually increasing
oxidative stress or by the decreasing level of
glutathione, in many different cases. Therefore, there
are many hepatic diseases associated with free
radical proliferation, such as viral hepatitis, fatty
liver, and hepatic ischemia, as well as alcohol
consumption (). There are many parameters
designed to assess the scale of hepatic destruction
which are measured through oxidized cellular
species, such as those of DNA, proteins or lipid mem-
branes, by malondialdehyde and the enzymes alanine
aminotransferase (ALT) and aspartate
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aminotransferase (AST) (7). Bone marrow is another
tissue considered to be affected by radiation. As is
known, haematopoietic cells are responsible for
producing blood cells in the bone marrow.
Haematopoietic cells are highly radiosensitive, and
exposing them to even low doses of radiation can
lead to reduction in blood cell counts and bone
marrow failure ®). Antioxidants in natural products
such as plant extracts have the ability to increase the
threshold capacity against the oxidative stress caused
by free radicals, and to reduce hepatic degeneration
). Nigella sativa (black cumin) is a good natural
source of antioxidants, and has significant radical
scavenging properties due to its components. It
contains thymoquinone, carvacrol, t-anethol and
4-terpineol (10, 11), Studies have indicated that
thymoquinone is the main component of the essential
oil of N. sativa and has proved to act as an
antioxidant, anti-carcinogenic and anti-mutagenic
agent (12 13), According to some studies, there were
reductions in malondialdehyde, ALT and AST levels in
animals treated with N. sativa (1415), An investigation
performed on rats by Abdel-Hamid et al. concluded
that high serum alpha-fetoprotein in CCls induced
hepatic carcinoma that was reduced after
administration of a methanolic extract of N. sativa.
The study also concluded that elevation of some
enzymes in the glycolysis pathway, such
as hexokinase, glyceraldehyde phosphate
dehydrogenase @ and  glucose 6  phosphate
dehydrogenase, during tumor proliferation was
reduced after treatment with N. sativa extracts (16).,
Furthermore, another study showed that both
aqueous and methanolic extracts of N. sativa
demonstrated anti-proliferative activity against
human breast cancer BCF-7 (17),

In this study, an attempt was made to evaluate the
effect of NSO on red blood cell count (RBC),
haemoglobin (Hb), haematocrit test (HCT), mean
corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH) and red cell distribution width
(RDW), on liver functions by measuring serum ALT
and AST enzymes and liver tissue malondialdehyde
level (MDA), and on histopathological changes of liver
tissues after exposure of albino mice to whole-body
X-radiation.

MATERIALS AND METHODS

Ethical approval

The mice were treated according to guideline 2 for
the housing of mice in scientific institutions, where
mice were placed in one cage, fulfilling their need for
shelter and social interaction, and constantly
supplied with food and water; the cages were cleaned
periodically. This setup was submitted to and
approved by the College of Health and Medical
Technology, Sulaimani Polytechnic  University
(registration number MLD 00097) on 14 January

2020.

Experimental animals

In this experimental study, 24 male albino mice,
12-14 weeks old, weighing 35-45 g were obtained
from the animal house at the Biology Department of
the College of Education, University of Sulaimani. The
mice were acclimated to the laboratory conditions.
They had free access to drinking water and standard
food throughout the research period.

Experimental design

The animals were divided into four different
groups, with six mice in each group. The control and
treated groups were designed as following: group I
(negative control) received deionized water for 5
consecutive days. Group II (6 Gy) received only
deionized water orally for 5 days, and was then
subjected to whole-body X-irradiation at 6 Grays,
applied as a one-shot dose. Group III (NSO) received
only NSO orally (10 ml/kg) for 5 days without
exposure to radiation. Group IV (NSO + 6 Gy)
received NSO orally (10 ml/kg) for 5 days prior to
irradiation, and was then exposed to whole-body
X-irradiation at 6 Gy.

Irradiation

Animals in the 6 Gy group and NSO + 6 Gy were
placed in separate plastic containers and irradiated to
a single dose of 6 Gy whole-body X-irradiation from a
6MV X-ray linear accelerator machine (Elekta
Synergy 6MV, UK). The absorbed dose rate was 4 Gy/
min at a 100 cm distance. Uniform total-body
X-irradiation distribution was confirmed by
dosimeter, using isodose curve measurements. A test
with a phantom water layer was performed in order
to check self-shielding without changing the dose
distribution profile for the thickness involved.

Anaesthesia/euthanasia methods

The mice were anaesthetised using the inhalation
anaesthesia method. The mice were sedated inside a
locked container supplied with a piece of cotton
previously impregnated with 5 ml 100% diethyl
ether from Scharlu chemicals. This protocol allowed
the mice to be sedated within one minute. Finally, it
was ensured that the mice had completely lost con-
sciousness before being sacrificed.

Sample collection and analysis

The mice were sacrificed and both blood and liver
tissue samples were immediately collected after 24
hours of exposure to 6 Gy X-irradiation. The blood
samples were collected in coagulant tubes for
haematological and biochemical examination that
included CBC (complete blood count), ALT and AST
levels. Approximately 25 mg of liver tissue was
weighted out immediately after the mouse sacrifice
for malondialdehyde (MDA) analysis, which was
calorimetrically quantified (Oxiselect TBRAS Assay
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Kit). This assay is based on the reaction of MDA with
thiobarbituric acid (TBA) forming a pink chromogen
read by an EMC-LAB UV-6100PC 532 nm/2nm
slit-width spectrophotometer.

Histological investigation

To perform the histopathological examination, the
liver soft tissue was removed after the mouse
sacrifice and fixed in formalin for 48 hours.
Subsequent fixation of the tissues was processed in a
series of graded ethanol solutions and xylene from
Scharlu chemicals for dehydration and clearing,
respectively. They were then embedded in paraffin,
after which blocks of 5-um thick paraffin sections
were collected by rotary microtome (Accu-Cut
SRM200) and stained with haematoxylin and eosin
stain.

Nigella sativa oil extractions

Newly harvested black cumin seed grains were
purchased from a local market. The grains were
ground in a grinding mill then poured into a Soxhlet
extractor. The extraction was processed for 5 hours
using pure ethanol as a solvent at temperatures of 40
-45°C inside the Soxhlet chamber. After completing
the extraction, the solvent was separated by a rotor
evaporator (Heidolph instruments) to obtain a
blackish-brown oil.

Statistical evaluation

Data were first sorted by Microsoft Excel and
statistically analyzed using one-way analysis of
variance (ANOVA) in SPSS software. The p value was
considered significant at p < 0.05.

RESULTS

Effects of X-irradiation on haematological
parameters

In order to estimate X-irradiation effects on
alteration of some haematological parameters in
male albino mice, RBC, Hb, HCT, MCV, MCH and RDW
values were evaluated after irradiation with and
without NSO extract administration. The results
showed a significant reduction (p < 0.05) in RBC
count, Hb, HCT and MCV in mice exposed to
whole-body X-irradiation when compared with the
control group, while in presence of NSO extract all the
mentioned parameters except for MCH were
significantly raised (p < 0.05). Moreover, the RDW
value showed an increase in the irradiated group and
a slight reduction in the NSO + 6 Gy and NSO groups.
Accordingly, all parameters were ameliorated and
shifted toward the normal values (p < 0.05) in mice
that received NSO prior to radiation (table 1).

Effects of X-irradiation on hepatocyte lipid
peroxidation

As the liver is an organ sensitive toward free
radical attacks, measurement of MDA in the

hepatocyte was used as a criterion for the
measurement of oxidative stress. According to our
results, MDA level was elevated in the 6 Gy group
compared to the negative control group, while an
observable decrease in MDA level was seen post oil
treatment in the NSO + 6 Gy group (figure 1).
Comparison of MDA results for oil-treated and
irradiated oil-treated groups showed a depletion in
MDA level (p < 0.05).

Table 1. Haematological parameters in the control, 6 Gy
(X-irradiated), NSO and NSO + 6 Gy (X-irradiated) groups. Data
are represented as mean £ SE, n = 5.

oarametera] _RBC _JHb (me/[ HCT | MCV | MCH | RDW
(x 10°/mm®) dlI) (%) | (1) | (pg) | %
comtrol | 7:07% | 11.15%|35.5% | 54.5% [16.142] 12.5¢
014 | 0.07 | 091 | 0.06 | 0.84 | 0.25
e 6.6t | 102t |33.5¢|51.8% | 15.7|14.2¢
v 063 | 056 | 0.89 | 0.15 | 0.07 | 0.28
NSO 805t | 14.4% | 55¢ |54.55%| 14.8%[13.154
081 | 056 | 096|075 | 0.07 | 0.21
7.06 | 10.95% [36.95452.65%| 15.5¢|13.3%
NSO+6GY| 54 | 065 | 095 | 0.85 | 0.07 | 0.14
! 0.874
0.709
0.8
= 0.667
£
= 0.6
Ed 0.406
0.4
g
s
0.2
0
Control 6Gy oil oil +6Gy

Figure 1. Levels of malondialdehyde (MDA) in mice hepatic
tissues for the control group, X-irradiated group without NS oil
treatment (6 Gy), NS oil-treated non-X-irradiated group (NSO),

and NS oil-treated X-irradiated group (NSO + 6 Gy).

Effect of X-irradiation on liver function

Many studies have revealed ALT and AST as useful
biomarkers for the prognosis and monitoring of
hepatic destruction (1819, An elevation was observed
in ALT and AST levels in the 6 Gy group when
compared with the negative control group. However,
ALT and AST levels showed a reduction in the NSO +
6 Gy group and shifted toward the normal values
(figure 2). The obtained results revealed an increase
in ALT and AST activities in the 6 Gy X-irradiation
group. But in contrast to this trend, results of the NSO
+ 6 Gy group showed a decrease in ALT and AST
values. The ALT values of the NSO + 6 Gy group were
set back to less than half of the 6 Gy group. At the
same time, there was a small reduction in AST level in
the previous group.

Effect of X-irradiation on liver cells and tissues

To evaluate the effect of X-irradiation on liver cells
and tissues, histological examinations were carried
out on liver tissues in both the control and treatment
groups. Liver sections of the control mice showed no
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significant lesions, signified by normally arranged
hepatocytes (H) organized about the central vein
(CV) with normal sinusoidal capillaries (S), and a
nearly normal number of Kupffer cells (figures 3 and
4). After exposing the mice to 6 Gy X-irradiation, the
effects appeared in both the 6 Gy and NSO + 6 Gy
groups. Group II (6 Gy) showed a diffuse and
significant vacuolar degeneration (VD) within the
hepatocyte cytoplasm and obvious congestion in the

central vein (CV) (figures 5 and 6). Group III (NSO)
revealed small lipid vacuoles within the hepatocyte
cytoplasm and normally arranged (H) (figures 7 and
8). However, group IV (NSO + 6 Gy) demonstrated a
trend toward a lowered incidence of hepatic
histopathological changes. Additionally, a moderate
VD and a clear and non-congested CV were observed
in the NSO + 6 Gy group (figures 9 and 10).
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Figure 2. Activities of serum enzymes: (a) alanine aminotransferase (ALT) and (b) aspartate aminotransferase (AST) in the control
group, X-irradiated group without NS oil treatment (6 Gy), NS oil-treated non-X-irradiated group (NSO), and NS oil-treated
X-irradiated group (NSO + 6 Gy).

Figure 3. Photomlcrograph of liver tissue
from the negative control group (group
I). The section shows no significant
lesions signified by normally arranged
hepatocytes (H) organised about the
central vein (CV) with normal sinusoidal
capillaries (S). H&E staining. Scale bar: 2
mm; magnification: 40X.

Flgure 6 Photomlcrograph of liver tissue
from group Il (6 Gy). Presence of
significant vascular congestion within the
cross section of a branch of portal vein
(PV). Necrotic debris (ND) together with
some pyknotic nuclei can also be spotted
within the hepatocytes (H). Incidence of
cross sections from bile duct and hepatic
artery in the given zone. H&E staining.
Scale bar: 2 mm; magnification: 40X.

Flgure 4. Photomlcrograph of Ilver tissue
from the negative control group (group I).
The section shows no obvious lesions,
normally arranged hepatocytes (H)
surrounding the central vein (CV), together
with normally presented sinusoidal
capillaries (S) with some slight congestion.
Presence of mild focal Kupffer cells (KC)
hyperplasia. H&E staining. Scale bar: 2 mm;
magnification: 40X.

Figure 7. Photomlcrograph of liver tissue
from group Il (NSO). The section shows
mild to moderate fatty degeneration
evidenced by small intracellular lipid
vacuoles (yellow arrows). Hepatic sinusoids
(S) show a sensible degree of vascular
congestion. Cross section of a central vein
(CV) also can be seen. H&E staining. Scale

bar: 2 mm; magnification: 40X.

Flgure 5. Photomlcrograph of liver tissue
from group Il (6 Gy). The section shows
diffuse and significant vacuolar
degeneration within the hepatocytes
cytoplasm (VD). Pyknotic nuclei can be
seen as well (N). The segment shows
obvious congestion in the central vein
(CV). H&E staining. Scale bar: 2 mm;
magnification: 40X.

Figure 8. Photomicrograph of liver tissue
from group Il (NSO). The section shows
moderate fatty degeneration (yellow
arrows), evidenced by clear small lipid
vacuoles within the hepatocyte cytoplasm.
It also shows the presence of normally
arranged hepatocytes (H). Moreover, cross
sections from brunches of bile ducts (BD)
and portal vein (PV) can be seen within the
portal triad. H&E staining. Scale bar: 2 mm;

maghnification: 40X.
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Figure 9. Photomicrograph of liver ti
+ 6 Gy). The section shows moderate but still significant
intracellular vacuolar degeneration (VD), as well as the
presence of pyknotic nuclei (PN) within some hepatocytes and
clear sinusoidal capillaries (S). H&E staining. Scale bar: 2 mm;
maghnification: 40X.

Figure 10. Photomicrograp
+ 6 Gy). The section shows moderate vacuolar degeneration
(VD) within the hepatocyte cytoplasm. Moderate hepatocyte
pyknotic nuclei (PN) and a clear, non-congested central vein

(CV) can also be seen. H&E staining. Scale bar: 2 mm;
magnification: 40X.

DISCUSSION

Despite the extensive benefits derived from
radiation, it sometimes has deleterious effects due to
its ability to induce oxidative stress in tissues. Nigella
sativa oil has been suggested as a natural
radioprotective agent against oxidative radiation.
One part of this study was designed to determine the
effects of radiation on the haematopoietic system by
evaluating several haematological parameters. The
significant depletions in Hb, HCT, MCV and MCH
levels were also confirmed by multiple investigations
showing the same trend in these parameters in mice
exposed to irradiation (20.21), The depletion in RBC
value of the 6 Gy group might be due to the high
percentage of polyunsaturated fatty acids in their
plasma membranes and sensitivity of RBCs toward
oxidative stress produced by irradiation. RBC count
reduction might be an indicator of alteration in cell
membrane stability and elevation in erythrocyte
permeability (22 23). These results are comparable
with those of Abdelhalim et al. (2015), who found
significant reductions post irradiation in the values of
the haematological tests mentioned above (24). The
elevated RDW value in the irradiated mice was in
accordance with the results of a study carried out by
Mehrotra et al (2013), who reported a relationship

between radiation and RDW increases after radiation
(25). The slight increase in RDW value might be due to
an increase in RBC size accompanied with changes in
the morphology and deformability of RBCs (24). The
NSO + 6 Gy group showed a regain in all of the
haematological parameters, except for a depletion in
RDW value, compared to the non-oil-treated
X-irradiated 6 Gy group. This illustrates that NSO
extracts can be selected as a protective candidate
substance against the adverse effects of irradiation.
Assayed (2010) was able to demonstrate the
radioprotective action of NSO against alteration in
some haematological parameters in rats; the rats
were daily intubated with NSO and then exposed to 4
Gy whole-body gamma irradiation (26). Moreover, one
investigation concluded that radiation groups treated
with 400 mg/kg of NSO for 25 days and 50 days
showed an increase in all haematological parameters
(7). These results all are in agreement with earlier
findings which reported that administration of 1 gm/
kg of NSO for 10 days could reduce the side effects of
radiation therapy and improve recovery (28),
Moreover, it was also reported by Fabiani et al that
administration of 0.04 mg/kg of NSO at several doses
(0.01-0.1) for 30 days in mice prior to irradiation
considerably elevated haematological parameters
post irradiation (29).

The liver is a susceptible organ that suffers lipid
peroxidation and cell dysfunction when exposed to
radiation, especially with high doses and long
durations 30). Protection of liver tissue from
destruction initiated by free radicals can be
prompted  either  through  self-regenerative
mechanisms stimulating anti-oxidative shuttles or by
taking components that have antioxidant capacity G1.
NSO extract is among the plant products with proven
potential for reducing oxidative stress induced by
radiation (2. This potential is due to NSO
composition, containing volatile oil, fatty acids, and
sterols such as [-sitosterol, thymoquinone and
dithymoquinone 33),

The statistical analyses of the current study
revealed that treatment of mice with NSO
ameliorated the level of malondialdehyde in the
hepatocyte compared with the non-oil-treated group
(6 Gy) of mice. Furthermore, MDA levels were kept
low in the NSO + 6 Gy group in congruence with the
latter interpretation. Consequently, there was less
cell oxidation during the NSO treatment.

The results of the ALT and AST enzymes showed
that NSO administration could reduce the damaging
effect of X-irradiation, as enzyme activities increased
in the 6 Gy irradiation group and decreased in the
NSO + 6 Gy group (3435). Notably, AST level slightly
decreased despite NSO provision prior to irradiation.
It is necessary to mention that serum AST increases
as a result of liver and RBC damage, as AST exists in
both hepatocytes and RBCs. The RBC could be
damaged by hemolysis as ALT significantly lowered,
or by destruction.
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The histological examination of liver was
performed for all groups. The pathological changes in
X-irradiated liver tissue showed significant vascular
congestion within the cross section of a branch of
portal vein when compared with the control group.
As is known, congestion is the main pathological
change in the irradiated liver resulting from
obstruction of hepatic venous outflow through a
combination of endothelial cell edema and sinusoidal
congestion terminal hepatic venule narrowing (36),
Necrotic debris together with some pyknotic nuclei
could also be spotted within the hepatocytes in the 6
Gy group, compared to those of the control group.
This observation was an indicator of direct radiation
injury. Moreover, a study suggested that the cause of
pathological changes in the liver tissue could be a
result of poor tolerance to hepatic radiation 37). The
obtained results of the NSO + 6 Gy group
demonstrated moderate vacuolar degeneration
within the hepatocyte cytoplasm with a
non-congested central vein and moderate hepatocyte
pyknotic nuclei. A trend toward lowering incidence of
hepatic histopathological changes in the liver tissue
of mice that received NSO as a treatment prior to
irradiation could be considered as an action of NSO in
reducing oxidative stress effects and maintaining
antioxidant defense.

CONCLUSION

Interest in the protection of normal tissues from
high energy radiation has been rising. The above
findings confirm that NSO efficiently prevents or
mitigates the side-effects of irradiation. According to
the results obtained in the this study, the
administration of NSO prior to irradiation can inhibit
the alteration of haematological parameters,
hepatocyte lipid peroxidation and histopathological
changes in the liver, as NSO is capable of reducing
oxidative stress effects and maintaining antioxidant
defence.
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