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Abstract

Myelosuppression is one of the serious adverse effects of cancer chemotherapy that lead to life
threatening febrile neutropenia and considered a limiting factor for successful therapy. Cyclophosphamide a
widely used anticancer drugs, induces severe bone marrow suppression by damaging hematopoietic stem cells.
As cancer incidence expands globally, the demand for an effective myeloprotective therapy during cancer
treatment is also increasing.

Nigella sativa seed oil, a well-known plant extract that widely used for various health conditions. This
study aims to evaluate the myeloprotective activity of Nigella sativa seed oil in cyclophosphamide-induced
myelosuppression mice model. Myelosuppression induced by single intraperitoneal injection of
cyclophosphamide (200 mg/kg). Animals were divided into 4 groups each with 6 mice. First group served as
negative control group received only normal saline. A second group served as experimental myelosuppression
model group achieved by cyclophosphamide. Additional 2 groups were mice received Nigella sativa seed oil
(Iml/Kg/day) or (2ml/Kg/day) orally for 6 consecutive days starting day 1 with cyclophosphamide on day 3.
Blood were collected from retro—orbital area on day 7 for total and differential leukocytes counts. Compared to
model group, it is reported that Nigella sativa seed oil (1ml/Kg) significantly (P<0.05) increases total leukocytes
count (1000+73 versus 700+36 cell/uL) and bone marrow cells viability (50.17+5.36 versus 9.54+0.76%).
Furthermore, increasing Nigella sativa seed oil dose to (2ml/Kg) resulted in further improvement, where we
reported a significant (P<0.05) increase in total leukocytes count (1267+352 versus 700+36 cell/uL) and bone
marrow cells viability (67.67+5.49 versus 9.5+0.76%). The study concluded that Nigella sativa seed oil has a
promising strong myeloprotective and immunomodulatory effects against cyclophosphamide-induced
myelosuppression.

Keywords: Cyclophosphamide, Nigella sativa seed oil, Total leukocytes count, Bone marrow cells viability.
e Aol gy S8aall aliad) plAG Japdli o Ayl a5 oy 3 Adatiaal) 4o Lial) 4408 gl) anals
G Adl ‘,e Agu&ujéjﬁghd\
**?EIS?.&L& A g 9 M*C’*HIAJLAQ J.g.ﬁ:
Gl calany ccadall daa 3 yila il g daall 550 5 6"
é\)ﬂ\ ¢alay daals suA:\...aM Z\_AS ‘e}d.u)n} :QJJ\}“ &)ﬁ**
dadal
)a.uuj a\.\;.u AA@.A\ Ualxiall h)k;.“ uas.\ uj‘ L;Jy d‘ﬂ\} u.ﬁ..uuﬁ\ C)u.“ 4..\.\.\\.;.“ A_I\).LILIH ))J\ %) \.\;\} ?L:J\ &L;.\.L.u.u )g.uu
5 Lalasin) G jull saliaall 35 50¥) S3S) (e Tanl s alalins 3 5l e yiimy s = Dlad) (o g il 138 Lol Baaaall ol sall aal (e ll
Lrall o Al g Gl gla ) Gigan A ) pall KAl e 2l LAY andass Ao gy @lld g Alal) alaal) a@m}xwm
ALl A H5h ) o) Lyl a5l Al 2 30) o)ﬁdbebd\t@wx@!\uh)ud\uhuﬂal\utsdmu.dbd\
‘_Ac ?sz‘ &L&JMLQA&QS)J”MAJ}JJ&—UJNI&S?J&GJ\M\)-\” 038 k_mg_d AJJJSMQ_\YL;‘SBAMY‘ ).\.\S)u})x.oual;.um
g_a\..\\)_\;.“?.\.ms.ze_\ (?:S/ezl«\'~~)4.=);4mum)5}5.\u\ lie wod)&uﬁc);usat\.lau\};?bﬂ\ &\.;J.Lu.u.\)a&;.\?.a Ol J)AJ
u\)ﬁméc‘\.:jmdstéjm@ammjé\
gl ale Jslaa () ) s 55 plapall Ao sana (J5Y) Ao sendll & yiic)
S O e | LAY e sanal (s Alalius I iy i alael) g1 Jandls 23 g & ydie ) A0l e panal
Slalias g8 IGLA ey o i) s g J5Y) o sall e T Aagliite alL) A 3l i) (33 5k 0 (ey/(,ss/dﬁ)}\ (3}4'/555/&\)35‘)43\3.\;)_554
@MJML\ ;L.AAJ\ eﬂ\ Ll)\A e ;‘«L&AA‘ ua):du.ud\ HJ‘MML.\A(JA?JM @;@@L&d\ (.\}.J\ bAJ&MAL);J;\.‘L\!\ e}ﬂ\
L,Ea YY) v ~)mwe)}@¢w\eqﬂb)¢amwu}?’$/dﬂ mﬁdﬂ\mjjmuju\@u\u*la\ CJ}AJ\A.::}AM
salyy ol elld I ALY (%, V14,0 s A3lie 0,71404,) V) abiall &5 LA gl B (e 2y 555 (L s ,SHle/Ada YIEY 4 s
o Ll TOYLI YTV dysina by gemy elimndl ol LA oo 3 Adlia) 50l D) ool (maS/daY) U ASLl A o )y de
Al A sh )y adly L) (e (%, VTR0 me LAl 0, €3£V, TV alaall S LA 8 sais (L _Sie/AdR YLV
el dGL e Ao 5y Siaall alaall glas Taydi i dpelie <l yili 5 abaall g las dlan 3 g 58 Ll 40l 0 55 o)) oSy
. alind) £LAS LA 4y g ¢ pliad) anll LA 200 ¢ A A ph ) ¢ ybalin g8 il ¢ Aalidal) il

ICorresponding author E-mail: shahad.amaar.89@gmail.com
Received: 28/11/2019
Accepted: 1/ 2/2020
Iragi Journal of Pharmaceutical Scienc

253


https://doi.org/10.31351/vol29iss1pp253-259

Iragi J Pharm Sci, Vol.29(1) 2020

Introduction

Bone marrow is the major site that
responsible for hematopoiesis by hematopoietic
stem cells (HSC) which are continuously
proliferating cells that can be differentiated to form
different mature blood cells that include red blood
cells, white blood cells (granulocytes, monocytes
and lymphocytes) and platelets . White blood cells
(leukocytes) are major part of the immune system
that protect the body and defend against pathogens
and fight infections. Normal level of total leukocyte
count in adult human is (4000 — 10000 cells/mm?3)
@, while in mice is (2000-10000 cells/mm?) ),

Myelosuppresion is the most common and
popular adverse effect of several chemotherapy
which are the most effective therapy for cancer .
The myelotoxicity caused by cytotoxic drugs lead to
dose reductions of these drugs and delays in therapy,
these can compromise the outcomes of
chemotherapy and reduces overall survival ©6),
Cyclophosphamide (CP) is one of the oldest and the
most successful anticancer drugs, it acts as
alkylating agent that belong to oxazaphosporines
group . The initial clinical trials of
cyclophosphamide for cancer treatment were
performed in 1958, and in 1959 approved by the
FDA as a cytotoxic agent. In fact, it is well
established that cyclophosphamide is a prodrug
metabolize to generate active alkylating metabolites
that include 4-hydroxy cyclophosphamide,
aldophosphamide mustard , which can interfere with
DNA synthesis in rapidly dividing cells and can lead
to apoptosis. Cyclophosphamide has toxic effects on
different organs that include bone marrow, heart,
gonadal and bladder. The main cyclophosphamide
toxicity is on bone marrow and bladder ©, the
cyclophosphamide myelotoxicity as a result of lack
specificity in anti-tumour activity. When Killing
tumour cells, It also cause serious damage on normal
cells, for instance, hematopoietic stem cells which
are rapidly dividing cells in the bone marrow, this
leads to decrease the ability of these cells to
proliferate and differentiate with reduction in the
formation of different blood cells. Myelosuppresion
can lead to anaemia, leukopenia, and
thrombocytopenia. Leukopenia is a life-threatening
condition that lead to febrile neutropenia combined
with bacterial and fungal infections ©.

Different plants extract found to have a
protective effect against a variety of toxicity that
induced by chemotherapy @9, Nigella sativa is an
annual herb belonging to the Ranunculaceae family.
Itis also known as (black cumin), the seed have been
used as a seasoning spice and food additive in the
Middle East and Mediterranean areas V. Nigella
sativa seeds contain proteins, saponins, alkaloids,
fixed oil, and essential oil. The biological effects of
Nigella sativa are attributed to the various
characterized constituents. Thymoquinone (TQ), the
main bioactive constituent of the essential oil may
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be responsible for major therapeutic effects of
Nigella sativa ('". In addition to the seed, its cold
pressed oil is utilized as natural dietary supplements
and therapeutic agents to support the immune
system, treat asthma, allergic rhinitis, diabetes,
gastrointestinal disturbance and other conditions in
the European Union and other developed countries
"), Nigella sativa seed oil (NG oil) used to evaluate
its immune-protective and immunomodulatory
effect  on  myelosuppresion  induced by
cyclophosphamide. The aim of this study is to
evaluate the immune-protective and
immunomodulatory effect of Nigella sativa seed oil
on cyclophosphamide- induced myelosuppression in
mice.

Materials and Methods

Animals

Forty two adults’ albino male mice
weighing (20-25) gram were brought from and
maintained in the Animal House of College of
Pharmacy/University of Baghdad under normal
conditions of temperature, humidity and light/dark
cycle. The animals were fed commercial pellets and
tap water ad libitum throughout the experimental
period. The study was approved by the Scientific-
and Ethical-committees of the College of
Pharmacy/University of Baghdad.

Drugs

Cyclophosphamide  as  monohydrate
(1000mg vial) was purchased from (Baxter health
care Ltd, Germany).

Nigella sativa seed Oil 100% pure was
purchased from Toroslar company (Turkey),
which was prepared by cold pressing from fresh
Nigella sativa seeds and packaged in amber glass
bottle to protect it from sunlight exposure.
Experimental protocol

Mice were randomly allocated into four
groups, each containing 6 mice as follow:

Group I: Mice were received a single
intraperitoneal injection of 0.15 ml 0.9 % normal
saline at day 3. This group served as a negative
control.

Group Il: Mice were received a single dose of
intraperitoneal cyclophosphamide (200mg/kg body
weight) on day 3. This group served as experimental
model @4,

Group Ill: Mice were administered a dose of
Nigella sativa seed oil (1ml/Kg body weight/day)
orally by oral gavage for 6 consecutive days starting
day 1, with a single dose of intraperitoneal
Cyclophosphamide (200mg/Kg body weight) on day
3.

Group IV: mice were orally administered Nigella
sativa seed oil at a dose of (2ml/Kg body
weight/day) by oral gavage for 6 consecutive days
starting day 1, with a single dose of intraperitoneal
Cyclophosphamide (200mg/Kg body weight) on day
3.
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In groups (l11 and IV) animals, each dose of
Nigella sativa seed oil was administered once daily
for 6 consecutive days starting day 1, and on day 3,
they received a single dose of cyclophosphamide
(200mg/Kg body weight) by IP injection. Twenty-
four hours after the end of the treatment duration
(day 7), the animals were euthanized by diethyl ether

(BDH chemicals, England) and cervical dislocation
(15)

Samples collection
1- Blood collection

After animals have been euthanized on day
7, 0.5 ml of blood was drawn from retro—orbital
area of mice eyes and collected in EDTA tube.
Samples were then prepared for the analysis of
total Leukocyte Count (6),

2- Bone marrow extraction.

After mice euthanized, femur bone was
extracted and used to extract bone marrow cells
by flushing the marrow cavity with phosphate
buffered saline (PBS) PH 7.4 and collected as
cell suspension, that was used immediately for
bone marrow cell viability test 2718),

Analysis
Estimation of total leukocytes count in blood:

Total white blood cells counts were
performed on an automated hematology analyzer
(XP - 300, sysmex / Japan) using direct detection
method 9,

Bone marrow cells viability test

This test was used to determine the number
of viable bone marrow cells present in a cell
suspension to the total cell count @%, Equal parts of
0.04% Trypan blue solution and bone marrow cell
suspension were mixed to form a mixture that
utilized for counting of the viable cells (clear) and
nonviable cells (blue) immediately (within 3-5
minute after mixing) using Neubaur hemocytometer
under light microscopy.

Viable bone marrow cells calculated as
percentage of total cells. Calculation performed by
the following equation:

Viable cells (%) = [number of viable cells / total
number of cells] * 100
Statistical analysis

The numeric data presented in the study
expressed as meanztstandard error of the mean (SE).
All statistical analyses were carried out using the
Statistical Package of Social Science (SPSS)
software version 25. Intergroup comparisons were
made using nonparametric tests (Kruskal- Wallis H
test, Mann-Whitney U test). Differences were
considered significant at P<0.05 Y,
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Results
Effect of two doses of Nigella sativa seed oil on
total leukocyte count in cyclophosphamide -
induced myelosuppression.

The data presented in (table 1) and (figure
1) showed that administration of a single dose of
intraperitoneal cyclophosphamide (200mg/kg) to
mice on day 3 (group Il, experimental model)
resulted in the significant (P<0.05) reduction of total
leukocyte count (700 + 36) compared to the negative
control animals (group I, 5800 + 520), that lead to
the severe suppression of bone marrow function.
However, in group Il mice, which administrated
Nigella sativa seed oil at a dose of (1ml/Kg/day) 3
days prior to a single intraperitoneal dose of
cyclophosphamide (200mg/kg) on day 3 resulted in
significant attenuation of the cyclophosphamide
myelosuppressing effect (tablel) (figure 1), the total

leukocyte count in those animals (group III)
increased (1000 * 73) significantly (P<0.05)
compared to animals that received

cyclophosphamide only (group I, experimental
model). Furthermore, increasing the dose of Nigella
sativa seed oil to 2ml/Kg/day administered 3 days
before cyclophosphamide treatment resulted in
further improvement of bone marrow function
(tablel) (figure 1). Data showed that animals
received (2 ml/Kg/day) of Nigella sativa seed oil
(group 1V) resulted in significant rise (P<0.05) in
total leukocyte count (1267 + 352) compared to the
experimental model group (group I1).

Effect of two doses of Nigella sativa seed oil on
bone marrow cells viability in cyclophosphamide-
induced myelosuppression.

The data presented in table 1 and figure 2
showed that administration of single intraperitoneal
dose of cyclophosphamide (200mg/Kg) causes
aggressive suppression of bone marrow function
manifested as highly significant reduction (P<0.05)
in bone marrow cells viability (9.5 + 0.76) in the
experimental model (group I1) compared to the
negative control animals ( 92 + 0.58) (group I).
However, in group 111 mice received Nigella sativa
seed oil at dose of (Iml/Kg/day) 3 days prior to
(200mg/Kg) cyclophosphamide therapy resulted in
significant (P< 0.05) increase in bone marrow cell
viability (50.17 + 5.36) compared to model group
(group II) (Table 1) (Figure 2). furthermore,
Increasing the dose of Nigella sativa seed oil to
(2ml/Kg/day) administered 3 days before
cyclophosphamide treatment (group 1V) resulted in
further increase in bone marrow cells viability
(67.67 £ 5.49) and the results appear a significant
increase in the viability of bone marrow cells
(P<0.05) (group IV) compared to the experimental
model group (group I1) (Table 1) (Figure2).
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Table 1. Effects of Nigella sativa seed oil on total leukocytes count and bone marrow cells viability in
cyclophosphamide-induced myelosuppresion in mice.

Groups Type of treatment Total leukocyte Bone marrow Cell
count (cell/pL) viability (%0)
(Mean =S.E.M) (Mean +S.E.M)
Group I | Normal saline 5800 + 520 * 92+0.58 *
(negative control)
Group Il | Cyclophosphamide (200mg/Kg) 700 + 36 95+0.76
(experimental
model)
Group 111 Cyclophosphamide (200mg/Kg) 1000+ 73 * 50.17 +5.36 *
+ Nigella sativa seed oil
(Aml/Kg)
Group IV Cyclophosphamide (200mg/Kg) 1267 + 352 * 67.67 £5.49 *
+ Nigella sativa seed oil
(2ml/Kg)

‘Data are expressed as mean + standard error of means (SEM).
* Significantly different (P<0.05) with respect to the experimental model group.
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Figure 1. Bar chart showing total leukocytes
count in various experimental mice groups.
* Significantly different (P<0.05) with respect to the

model group.
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Figure 2.Bar chart showing bone marrow cells
viability test in various experimental mice
groups.

* Significantly different (P<0.05) with respect to the
model group.
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Discussion

Myelosuppression is commonly seen with
chemotherapy through interfering with normal cell
production in bone marrow leading to myelotoxicity
that manifested as a reduction in total white blood
cells causing a serious life threatening leukopenia
combined with secondary infections @2, so the
clinical outcome of treatments with chemotherapy is
severely limited, owing to their toxicity to normal
tissues. Therefore, there is a necessity to discover
adjuvant therapy which may be used in conjunction
with anticancer drugs to reduce their associated
toxic adverse effect and improve the efficacy of the
therapy®3.

The main dose-limiting toxicities for
cyclophosphamide are febrile neutropenia combined
with secondary infections, often result in dose
reductions, therapy delays and lowers overall
survival @4,

The current study evaluates the immunuo
protective effect of Nigella sativa seed oil on
cyclophosphamide-induced myelosuppression. The
results obtained from this study revealed a beneficial
modulating effect on periphral total leukocytes
count and bone marrow cells viability (table 1).

The present study revealed that
cyclophosphamide  induced  myelosuppression,
which was evident by the high reduction of total
leukocytes count and bone marrow cells viability in
animals treated with cyclophosphamide only
compared to the negative control animals (Table 1)
(Figure 1 and 2) that resulted in aggressive
suppression of bone marrow function. The most
obviously change in white blood cells count due to
their short life cycles; the results are in agreement
with studies of other researchers, who observed the
myelosuppressive effect of cyclophosphamide
administration to animals manifested as reduction of
the total leukocyte count after 3-4 days from last
cyclophosphamide dosing @> 4, This experimental
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model of cyclophosphamide- induced
myelosuppresion is a well validated and widely used
animal model to study the effects of chemotherapy-
induced myelosuppresion in terms of pathogenesis
and therapy & 20, This study was in line with study
of others in cyclophosphamide induced bone
marrow suppression by decreasing bone marrow
cells  numbers in animals treated with
cyclophosphamide @, Data obtained from this
study revealed an interesting dose-dependent
myeloprotective and immunostimulatory effects of
NG oil on bone marrow function. This beneficial
effect obtained from the reported increase in total
leukocyte count and bone marrow cell viability
(table 1), which imply an improvement in bone
marrow function after chemotherapy-induced
myeosuppression. This is an important result and
may open the way for a therapeutic application of
NG oil.

This is the first study that investigates the
effect of NG oil on bone marrow function in
chemotherapy-induced myelosuppresion and there
are little studies in this regard. However, NG oil used
in other studied showed immunostimulatory actions
in experiments with different settings. A study
showed increase in the total white blood cells,
lymphocyte count and neutrophil count in mice
treated with NG oil @®, In addition, other study
showed that NG oil has an immunostimulatory
effect on Trypanosoma brucei infected animals and
revealed a significant rise in total white blood cells
of infected animals 9. Another study revealed the
immune-potentiation effect of NG oil in
immunocompromised animals by stimulation of
macrophage phagocytic activity either directly or via
lymphocytes activation @9, Furthermore, the
immuno-protective effect of NG oil was observed in
gamma-irradiation induced immunusuppression in
animals, which considerably normalized leukopenia
and produced significant regeneration in spleen and
thymus lymphoid follicles Y. The study showed
the effect of thymoquinone, the major constituent of
NG oil, resulted in increase of the total count of
white blood cells in healthy animals which are
received specific dose from thymoquinone G2
specific concentration of thymoquinone may
regulate self-renewal and immunomodulatory
potential of mice bone marrow mesenchymal stem
cells in vitro © | Another study revealed the
treatment of animals with NG extract revealed a
significant enhancement in the bone marrow
cellularity, total leukocyte count and spleen weight
compared to normal control animals G%. All the
above mentioned studies and results are consistent
with the results obtained from this study although
each study has its own experimental settings.

On the other hand, some studies showed
results in contrast to the results of the current study.
In this regard, a study in which type 2 diabetes
mellitus patients who received NG oil for 40 days,
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total leukocyte count remain statistically unchanged
@), Additional study observed a decrease in
leukocyte count after chronic treatment of healthy
animals with NG oil for 12 weeks @ The difference
in the results of these two studies may be attributed
to the longer duration of treatment with NG oil if
compared with current study.

Nigella sativa seed oil pre-treatment was
able to protect bone marrow, since it improves bone
marrow cells viability and peripheral leukocyte
count in cyclophosphamide induced
myelosuppresion.

Conclusions

According to the results obtained from this
study, it could be concluded that the Nigella sativa
seed oil has a dose-dependent myeloprotective effect
on cyclophosphamide-induced myelosuppression in
terms of total leukocyte count and cell viability tests.

Therefore, Nigella sativa seed oil may have a

potential therapeutic value against chemotherapy-

induced myelosuppression.
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