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ABSTRACT

Myeloid derived suppressor cells (MDSCs) are a diverse population of hematopoietic precursors with the ability to
affect host immunity. They have been revealed to be upregulated in cancer. Limited knowledge is available on
myeloid derived suppressor cells of rat origin. The exact role of MDSCs in benzene-induced leukemia (BIL) has
not yet been effectively studied. Alternatively, medicinal plants are important medical systems that have
persevered in developing countries. Moringa Oleifera (MO), one of the best known small native tree, has been
studied as a potential therapeutic agent that has anti-cancer activity. Doxorubicin hydrochloride (Dox) has proved
to have potential therapeutic responses in acute myeloid leukemia. The objective of this study is to evaluate the
therapeutic action of Moringa Oleifera leaves extract versus Dox on the MDSCs in benzene-induced leukemia. To
that goal 112 young adult male albino rats were allotted into two major groups, control and experimental where
each was further divided into 4 sub-groups. Total leucocytic count, flow cytometry for CD11bc*/His48" MDSCs
were assessed in peripheral blood. Also, histological sections in blood, spleen, and liver were studied in all groups.
Results of the current study confirmed that Moringa Oleifera leaves extract seems to be most promising in
overcoming doxorubicin side effects and decreasing MDSCs in benzene-induced leukemia, thus providing a novel
insight into the application of Moringa Oleifera-based treatments.
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INTRODUCTION

The incidence of deadly diseases is disturbing, which has
geared a number of scientists into research on various
causes of these diseases. One of the deadliest diseases
currently killing humans and even animals is cancer.
Cancer is a broad group of various diseases involving
unregulated abnormal cell growth, develops in almost
any organ or tissue and occurs in many forms of over
200 different types.”! Leukemia, one of the most
common forms of cancer in infants and adults, is a
malignant clonal disorder characterized by alterations
and low production of healthy hematopoietic cells. This
alteration inhibits differentiation of cells and induces
proliferation and accumulation of immature ones
(blasts).”) The accumulation of blasts begins in bone
marrow, but in most cases quickly builds up in the blood,
and sometimes spreads to other parts of the body such as
the lymph nodes, spleen, liver, testes, and the central
nervous system.®! Generally, in cancer, the bone marrow
microenvironment becomes immunosuppressive and
plays a crucial role in development and progression of
the disease. Immune suppression is caused by a
limitation in proinflammatory cytokine production,
inhibition of activated immune cells, and generation or
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expansion of immunosuppressive cell types such as
myeloid-derived suppressor cells.!!

Myeloid-derived suppressor cells (MDSCs) are a
heterogeneous population of immature myeloid cells that
regulate immune responses in healthy individuals and in
the context of various diseases.’! However, limited
knowledge is available on myeloid derived suppressor
cells of rat origin. Ordinarily, immature myeloid cells
formed in the bone marrow differentiate to dendritic
cells, macrophages and neutrophils. However, under
chronic inflammatory circumstances or cancer, myeloid
cells differentiation is skewed on the way to the
expansion of MDSCs. These MDSCs can infiltrate
inflammatory sites and tumors, where they stop immune
responses by inhibiting T lymphocytes and NK cells.
Therefore, they may become a key therapeutic target.’®
Inflammatory environments have been shown to induce
MDSCs development and accumulation. Indeed, IL-6,
VEGF (vascular endothelial growth factor) and MCF
(macrophage colony factor) all promote the development
of MDSC populations by activating the STAT3 (signal
transducers and activators of transcription family3)
pathway. IL-4 and GM-CSF, on the other hand, can
inhibit MDSCs function by shifting them into mature
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dendritic cells.”! In human or murine models of disease,
MDSCs have been shown to have roles in cancer,
bacterial and parasitic infections, acute and chronic
inflammation!” and can support tumor ?rovvth through
alteration in the tumor microenvironment.™

Several types of treatment may be used for people with
leukemia. Doxorubicin Hydrochloride has produced
significant therapeutic responses in carcinoma of the
breast, lung and ovary, acute lymphocytic leukemia and
acute myeloid leukemia.®! The most dangerous side
effects of doxorubicin are cardiomyopathy leading to
congestive heart failure, typhlitis (an acute life-
threatening infection of the bowel), fever, cough and
congestion, or other signs of infection such as unusual
bleeding; bloody stools and bloody vomiting.™

Because of these drugs adverse side effects, researches
are focusing on phytomedicines that seem to have anti-
cancer and immune system enhancing activity.
Phytomedicines are believed to have benefits over
conventional drugs and are regaining interest in current
research. Some important anticancer agents are still
extracted from plants as they cannot be manufactured
chemically due to their complex structures.!”

Moringa Oleifera (MO) is one of the best known and
most widely distributed small native tree. It is now
indigenous to many regions in North West India, Africa,
Arabia, South East Asia, the Pacific and Caribbean
Islands and South America. By tradition, besides being a
daily used vegetable between people of these regions, it
is also widely known and used for its health benefits.!"
Several phytochemical compounds have been isolated
from MO such as quercetin, flavonoids, kaempferol,
anthocyanins, carotenoids, vitamins, minerals, amino
acids, sterols, glycosides, and alkaloids. Also, it contains
a unique group of compounds called glucosinolates and
isothiocyanates which have long been known for their
bactericidal, nematocidal, fungicidal, allelopathic
properties and cancer chemo-protectivity.™"

Hamza,™? discovered that the Moringa Oleifera seed
extract exhibited antifibrotic effects on liver fibrosis in
rats. Also, it was found to have blood pressure lowering
effect which makes it useful in a cardiovascular disorder.
In addition, Francis at al.,"™® demonstrated that Moringa
Oleifera constitutes can be used for the treatment of
diabetes mellitus by triggering insulin release from the
rodent pancreatic cell. In addition, Moringa fruit has
been found to lower cholesterol to phospholipid ratio,
atherogenic index lipid and reduced the lipid profile of
liver, heart, and aorta in hypercholesteremic rabbits.™™ It
has been described to demonstrate antioxidant activity
due to its high amount of polyphenols.™ Additionally,
Lipipun et al.,™ illustrated that Moringa Oleifera
extracts have antibacterial activity and are rich in
antimicrobial agents. Interestingly, Bharali et al.,*"
presented evidence on the function of niazimicin (one of
the Moringa Oleifera components), as a potent anti-
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tumor promoter. More to the point, Al-Asmari et al.,"

demonstrated that Moringa Oleifera extracts act as an
anti-cancer agent by decreasing cell mortality and colony
formation in colorectal and breast cancer cell lines. In
addition, seed extracts of Moringa Oleifera have been
demonstrated to prevent skin tumors in mice.!”
Moreover, it was established that Moringa Oleifera roots
were active against leukemia cells in vitro and could be
used as natural antitumor medicines.’® Additionally,
MO leaves extracts showed great cytotoxic effects for
tumor cells, strongly suggesting that it could be an ideal
anticancer therapeutic candidate specific to cancer
cells.™)

The present work aims to evaluate the potential role of
Myeloid-derived suppressor cells in progression of
benzene-induced leukemia and the possible role of
Moringa Oleifera in enhancing the therapeutic action and
minimizing the adverse side effects of Doxorubicin
Hydrochloride.

MATERIAL AND METHODS

Animals

112 young adult male albino rats were used in the
present investigation. They were purchased from
Theodor Bilharz Research Institute, Cairo, Egypt. All
animal procedures were performed in accordance with
the declaration of Helsinki and the guidelines for the care
and use of experimental animals established by the
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) and the National
Institutes of Health (NIH) protocol. Their weights ranged
between 150-180 gm representing 6-8weeks of age.
Animals were allowed a one-week pre-experimentation
period to adapt to laboratory conditions. They were
housed in metabolic cages.

All animals were in perfectly good condition and health
in order to avoid any other intruding factors upon the
experiment. They received food and water ad libitum
with fresh supplies presented daily.

Treatments and Dosage

a. Leukemia Induction

Leukemia was successfully induced in rats by
intravenous injection of 0.2 mL of a 1:10 diluted benzene
solution (Chromasolv, in water/2-propanol [50/50] v/v),
given every 2 days for 3 consecutive weeks.*"!

b. Doxorubicin Hydrochloride

Doxorubicin hydrochloride (Sigma Chemical Co., St.
Louis, MO) was administered by intraperitoneal injection
at a dose of 10 mg / kg b.w. every other day for four
weeks™, while control animals were injected with a
comparable volume of saline.

c. Moringa Oleifera

Fresh leaves of Moringa Oleifera plant were picked from
trees grown on sand soil in EI- Sharkia governorate,
Egypt. The leaves were washed carefully with distilled
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water and dried under room temperature for three weeks,
after which they were minced into coarse form. The
coarse form was then macerated in absolute ethanol. This
was left to stand for 48 h. After that, the extract was
filtered and the resulting ethanol extract was
concentrated and evaporated to dryness at optimum
temperature between 40 and 45°C to avoid denaturation
of the active ingredients. The concentrated extract was
diluted using polysaccharide as a carrier and stored in the
refrigerator.” Moringa Oleifera ethanol extract was
given daily by oral gavage at a dose of 680 mg/day for
four weeks.[?!

Animal Grouping

The two major groups compromised a control and

experimental one. The latter was injected with benzene

for leukemia induction. Following 3 weeks post

induction period each was further subdivided into 4

subgroups according to the following where dissections

were performed after 2 and 4week interval after ether
inhalation anaesthesia:-

1- Controls groups (14 animals each)

a) Normal control (C) given
intraperitoneally.

b) Doxorubicin Hydrochloride group (DOX.) given
intraperitoneally at a dose of 10 mg / kg b.w. every
other day for four weeks."!

c) Moringa Oleifera group (MO) orally given MO
extract at a dose of 680 mg/day for four weeks.*

d) Doxorubicin Hydrochloride and Moringa Oleifera
group (DOX+MO).

2- Experimental groups (14 animals each) benzene-
induced leukemia group (BIL)

a) Benzene-induced leukemia group (BIL)

b) (BIL/DOX.).

c) (BIL/MO).

d) (BIL/DOX+MO).

normal saline

Individual body weights were monitored weekly where
whole body weights were recorded to the nearest 1mg to
determine body weight gain.

Determination of Total Leucocytic Count

After 2 and 4 weeks animals were sacrificed by ether
inhalation anaesthesia. Blood samples were withdrawn
by heart acupuncture from all groups in dry clean sample
tubes containing EDTA for the determination of
complete blood picture.

Histological Studies

Dissected organ specimens of liver and spleen were
placed separately in 10% buffered formalin after washing
with 0.9% saline solution. This was subsequently
followed by processing, sectioning at 6 microns thick
and routine staining with HX and E. for general
histological analysis. Additionally, blood smear was
performed on clean slides and stained by HX and E for
histological studies.
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Flow Cytometric Assessment of CD11bc*/His48"
MDSCs.

For  flowcytometric  analysis  peripheral  blood
mononuclear cells were isolated and stained with a
combination of Anti-Rat CDllbc PE (catalog
number:12-0110, clone OX42) and Anti-Rat Granulocyte
Marker Biotin FITC (catalog number: 13-0570, clone
His48). Then the tubes were mixed well using vortex and
incubated for 20 minutes in the dark at room
temperature. After lysing red cells, cells were analyzed
by flow cytometer (Coulter EPICS-XL flow cytometer
system for 3 color fluorescence detection with catalog
number 4327296). A coulter flow center multimedia
work station was used as an offline computer system for
data analysis.

Statistical Analysis

Statistical analysis was done using the statistical package
for social science (SPSS) version 19 statistical software
(ANOVA) followed by Tukey’s post-test. Data are
expressed as the mean + standard error of mean (SEM).
*P < 0.05 for significant results compared to control
group. #P < 0.05 for significant results treatment
compared to benzene-induced leukemia group.

RESULTS

Average growth rates

Body weight gain in control animals (C) and (MO)
evidenced more or less gradual significant increase
reaching 212.2 gm and 247.7 gm respectively at the end
of the study. Nevertheless, DOX group showed
remarkable decrease in weight recording 127 gm that
was more ameliorated when MO was given with DOX
recording 188.3 gm. On the other hand, as BIL rats
suffered severe decrease in body weight gain reaching
136.3 gm, yet given DOX induced still more decrease
recording 124.7 gm (Table 1). Nevertheless, as MO was
introduced to rats it managed to induce significant
increase in body weight gain reaching 25.5% and 11.2%
in BIL/MO and BIL/DOX+MO as compared to their
initial weights highlighting the important role of
Moringa Oleifera in improvement of body weight (Table
1).
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Table (1): Averages of growth rates in control and experimental groups.

V&g:.k Group Control DOX MO DOX+MO BIL BIL /DOX | BIL/MO /DOE))(IJI:MO
Mean+S.E 17742.8 172.742.3 | 177.9+2.2 | 171.0+¢1.7 | 154.4+1.6 | 156.2424 156+3.06 159.8+4.6
W1 | %of change -2.43 0.51 -3.39 -12.77 1.17 1.04 3.50
P Value N.S. N.S. N.S. P<0.05 N.S. N.S. N.S.
Mean+S.E 192.8+2.7 | 165.7+3.9 | 196.2+2.5 | 172.842.2 | 156.247.5 | 149.8+1.6 163.8+1.9 166.3+2.3
W2 | %of change -14.06 1.76 -10.37 -18.98 -4.10 4.87 6.47
P Value N.S. N.S. N.S. P<0.05 N.S. N.S. P<0.05
Mean+S.E 207.1+10.8 | 141.8+4.4 | 224.3+2.01 | 185.545.7 | 146.844.7 | 134.7+4.9 | 177.7+10.2 171.8+4.6
W3 | %of change -31.53 8.31 -10.43 -29.12 -8.24 21.05 17.03
P Value P<0.05 N.S. P<0.05 P<0.05 N.S. P<0.05 P<0.05
Mean+S.E 212.246.6 12746.5 247.7415 | 188.3+4.9 | 136.3+4.01 | 124.7+54 | 195.8+34 177.7+6.3
W4 | %of change -40.15 16.73 -11.26 -35.77 -8.51 43.65 30.37
P Value P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
Total Leucocytic Count compared to control group which was an indication of
Ten animals from both normal control and BIL group successfully-induced leukemia. In all treated groups,
were examined for leukemia induction after 3 weeks of WBC count significantly decreased when compared to
benzene injection by CBC test. A high WBC count of BIL group. Notably, BIL\DOX+MO showed the most
39.5 was considered a positive sign of induction in ameliorated results. Similar amended results occurred
comparison to normal WBC count of 8.85. After 2 weeks after 4 weeks (Table 2).
from the beginning of the treatment (Table 2), BIL group
showed a significant increase in WBC count when
Table (2): White blood cell count in control and experimental groups.
Parameter Group
WEz)fl%;?)“”t Control | DOX MO | DOX+MO |  BIL BIL/DOX | BIL/MO | o Db
Zero Time | 8.87+£0.09 | - | —=ooem | oeeee- 39.540.18* |  ---ee- | e | e
2weeks | 9.28+0.27 | 11.00+0.26 | 6.25+1.56 | 10.11+0.95 | 30.35+5.53* [ 17.11+2.06" | 12.35+3.70" | 8.93+3.85"
4 weeks 9.73+0.50 | 11.62+0.25 | 7.22+1.41 | 8.75x1.23 | 22.37+2.16* | 11.57+3.74" | 8.90+3.28" | 7.20+2.36"

*P < 0.05 for significant results compared to control group.
#P < 0.05 for significant results treatment compared to benzene-induced leukemia group.

Histological Observations

a- Blood S

mears

In BIL group, the most prominent feature characterizing
blood smears was the appearance of excessive white

blood

cells

compared  with

the

control  groups

(leukocytosis) (Fig. 1b). This gradually attenuated with
the lapse of time as animals were given the different

curative
BIL/DOX+MO
distribution of WBCs.
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Figure (1): Photomicrograph of blood smears of rats in different experimental groups stained by H&E. White

blood cells (arrow). Original magnification, 10X.

b- Liver

Hepatic sections from normal control rats exhibited
normal architecture liver throughout the experimental
duration (Fig. 2a). Nevertheless, rats administered DOX
identified degenerative changes in both nuclei and
cytoplasm, sinusoidal spaces were dilated and invaded
by clumps of eosinophilic inflammatory cells with
prominence of inflammatory Kuppfer cells (Fig. 2b). In
BIL group, sinusoidal spaces were dilated with
appearance of inclusions in hepatocytes and necrotic
nuclei (Fig. 2c). Following treatment with DOX, liver
sections taken from rats after 2 weeks designated
necrotic hepatic cells. Some nuclei appeared pyknotic
with clumped nuclear material that progressed to
karryolysis in others (Fig. 2d). Other areas suffered from
disintegration in cellular membrane where cells appeared

Control
=

After2 \'Meeks‘

After 4 weeks

fused together. Such alterations progressed to loss of
hepatic pattern after 4 weeks of DOX to BIL rats (Fig.
2g). As MO was introduced to experimental rats altered
hepatic lesions were still detected in liver tissue. These
changes included degenerative hepatocytes and dilated
sinusoidal spaces with prominent augmented presence of
Kuppfer cells (Fig. 2e). 4-week treatment duration was
not able to diverge induced lesions completely but
limited ameliorated figures were encountered (Fig. 2h).
Again, under the double stress of BIL and DOX, MO
leaved failed to stimulate curative measures where
amorphous material invaded some cells that showed
karryorrhexis in nuclei (Fig. 2f). Inspite of limited
amended figures after 4 weeks yet pyknotic nuclei
persisted with dilated sinusoidal spaces (Fig. 2i).

Figure (2): Photomicrograph of a section in the liver of rat stained by H&E. Inflammatory cells infiltration (1),
degenerative changes in hepatocytes (curved arrow); sinusoidal dilatation (S); necrotic nuclei (arrow head);

inclusions in hepatocytes (dashed arrow);
magnification, 10X; 40X in high power.

c- Spleen

Splenic tissue from control animals manifested normal
patterns throughout the experimental duration (Fig. 3a).
Nevertheless, introduction of DOX to animals managed
to induce limited haemorrhagic changes intersecting
splenic trabeculae in the white pulp areas and increase in

pyknosis (thin arrow);

karyolysis (thick arrow). Original

hemorrhagic lesions and distortion of splenic architecture
(Fig. 3d).

After treatment, histopathological alterations in spleen
sections taken from BIL/DOX group showed persistent
hemorrhagic lesions and dilatation in sinusoids (Fig. 3e)
which increased after four weeks showing partial

fibrous tissue (Fig. 3b) which was ameliorated after MO distortion of splenic architecture with increase
administration in DOX+MO group (Fig. 3c). In BIL lymphocytic inflammatory cells (1) (Fig. 3h).

group, sinusoidal spaces were dilated with appearance of
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In  BIL/MO group, minimal hemorrhage and
degeneration in red and white pulp was observed except
for minimal aggregations of deeply stained lymphocytes
in red pulp (1) (Fig. 3f) which was partially ameliorated
after four weeks of MO administration (Fig. 3i). In

BIL/DOX+MO group, there was a great improvement in
splenic architecture either after two weeks (Fig. 3g) or
after four weeks (Fig. 3j) of treatment. While Malpighian
lymphoid corpuscles were more or less atrophic after 2
weeks, yet such lesion soon resided after 4 weeks.

Control DOX

Af;er 2 weeks 2

!
g
S
< h
=B
@
£
<j

DOX+M.O.

BIL/DOX+M.O.

Figure (3): Photomicrograph of a section in the spleen of rat stained by H&E (10 X). Hemorrhage (*), Fibrosis
(arrow), lymphocytic inflammatory cells (I) and dilatation in sinusoids (arrow head), Inflammatory cells

infiltration (1). Original magnification, 10X.
Flow Cytometric Assessment of CD11lbc/His48"
MDSCs.

Flowcytometry studies using CD1lbc and His48
antibodies were performed on blood cells from control
and benzene-induced leukemia rats at the end of the
experiment. As seen in figure 4, the percentage of

CD11bc/His48 cells in BIL group is significantly
increased compared to control group. After treatment, the
percentage of CD11bc/His48 cells was significantly
decreased related to BIL group. Notably, BIL/DOX+MO
group showed the best ameliorative results.

Control

BIL

PE-Anti-Rat CD11bc

Suve

BIL/DOX
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Figure (4): Flow cytometry analyses of CD11bc+/His48+ cells. (A) Representative flow cytograms of one animal
from the control group. (B) Representative flow cytograms of one animal from BIL group. (C) Representative
flow cytograms of one animal from BIL/DOX treated group. The percentage of CD11bc+/His48+ cells in each
sample is shown in the upper right quadrant of each flow cytogram. (D) Percentages of CD11lbc+/His48+
MDSC:s cells in different experimental groups. Data are means + standard error. *P < 0.05 for significant results
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compared to control group. #P < 0.05 for significant results treatment compared to benzene-induced leukemia

group.
DISCUSSION

In the present study, normal control animals showed a
gradual increase of 19.9% in body weight throughout the
experiment duration with a decrease of 11.7% in BIL
animals.”® This significant decrease in body weight
(from 154.4%5.4 to 136.3 gm, P<0.05) in BIL group
confirmed the development of leukemia in rats (Table 1).
Administration of doxorubicin in either DOX group or
in BIL/DOX group led to a severe reduction of body
weight that recorded 26.5% and 20.2% respectively
compared to their initial weights. Similar findings were
reported by several authors.?! This decrease in body
weight may be attributed to the decline in food
consumption.”™ In addition, decrease in body weight
may be due to increased inhibition of DNA synthesis
pathway, hence, doxorubicin is a cell cycle-nonspecific
agent that acts by blocking topoisomerase Il activity and
by intercalating into the flat space between the bases of
the DNA double helix, where it can act further to disrupt
DNA replication and transcription.®!

On the other hand, when doxorubicin was combined with
Moringa Oleifera; enhanced results were manifested
recording increase of 10.1% and 11.2% in DOX+MO
and BIL/DOX+MO groups respectively compared to
their initial weights. Moreover, Moringa Oleifera
administration alone in MO and BIL/MO groups showed
a continuous increase in body weights with the lapse of
time that amounted to 39.2% and 25.5% respectively
compared to their initial weights. These results are in
agreement with Osman et al.,'* and Alabi et al.,”® who
provided evidence that the positive effect of Moringa
Oleifera in body weight may be due to the high crude
protein content in it. Also, this increment in body weight
might be as a result of the pharmacological chemical
compounds (carbohydrates, saponins, cardiac glycosides,
terpenes, steroids, flavonoids, and alkaloids) present in
the Moringa Oleifera extract reported by.[*!
Furthermore, leaves of Moringa Oleifera are rich in
carotenoids, vitamins, amino acids, alkaloids, flavonoids
and minerals particularly iron.B**3 Moreover, the
significant increase in body weights of rats might also be
attributed to captivity, where energy spending is
minimal.®? In addition, Khan et al.,®® proved that
supplementation of Moringa Oleifera leaf powder in diet
promoted gut health through improved intestinal
microarchitecture and cellular count.

Leukocytosis was observed in the groups of benzene-
induced leukemia rats as demonstrated in some other
works™! (Fig. 1 and Table 2). Leukocytosis is usually
associated with leukemia and was found to be restored or
prevented in treated rats (Table 2). There was a
significant decrease in WBC count in BIL/DOX group
when compare to BIL group either after two weeks or
four weeks from treatment. However, doxorubicin is
wildly used as a chemotherapeutic agent due to its ability
to induce apoptosis. The apoptosis pathway is triggered
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when the attempt to repair the breaks in nuclear DNA
fail and cellular growth is inhibited at phases G1 and
G2.B Also, it was reported doxorubicin’s ability to
intercalate with not only nuclear DNA but also
mitochondrial  DNA.®®!  Other doxorubicin actions
include free radical generation which causes further
DNA damage, inhibition of macromolecule production,
DNA separation and increase in alkylation.*®
Furthermore, doxorubicin can affect the cell membrane
directly by binding to plasma proteins causing enzymatic
electron reduction of doxorubicin. This can cause the
formation of highly reactive species of hydroxyl free
radicals.®  Additionally, it was explored that
doxorubicin can decline antiapoptotic Bcl-2 with
elevation in proapoptotic Bax in vitro studies on breast
cancer cell line MCF-7.7 However, the main
complication of chemotherapy is that it cannot maintain
normal cells without damaging, due to that its blinded
compounds have no ability to differentiate between
tumor and normal cells. Doxorubicin induces apoptosis
and necrosis in healthy tissue causing toxicity in the
brain, liver, kidney, and heart. This often impacts the
efficacy of the therapy, making it impossible to cure
patients suffering from cancer.®®

In the present study liver and spleen histological
examinations demonstrate this toxic effect of
doxorubicin. The present examination of the liver of
DOX and BIL/DOX rats revealed degenerative changes
in hepatocytes; necrosis; pyknosis and karyolysis in
hepatic parenchymal cells which rises after four weeks
displaying loss of hepatic architecture (Fig. 2). Also, the
present examination of the spleen of DOX and BIL/DOX
rats revealed degenerative changes in spleen cells;
internal hemorrhage in red pulp with an increase in
fibrous tissues; hemorrhage and dilatation in sinusoids
which increases after four weeks showing partial
distortion of splenic architecture with necrotic areas (Fig.
3). These toxic effects are attributed to that doxorubicin-
mediated redox cycling and therefore ROS and free
radical generation are responsible for its toxicity.*"

Because of these drugs’ adverse side effects, researchers
are focusing on phytomedicines that seem to have anti-
cancer and immune system enhancing activity.
Phytomedicines are believed to have benefits over
conventional drugs and are regaining interest in current
research.™® Moringa Oleifera is considered to be a main
medicinal plant.%

Regarding liver tissue histological observations, in
BIL/DOX+MO group, there was a limited improvement
in hepatic architecture after four weeks as compared to
treatment with doxorubicin alone in BIL/DOX group
(Fig. 2). Spleen sections enhancement was designated in
groups treated with MO. This was marked in the form of
minimal hemorrhage and degeneration in red and white
pulp cells which was ameliorated after four weeks of MO
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administration. In BIL/DOX+MO group, there was a
great improvement in splenic architecture either after two
or four weeks of treatment. These improvements are due
to neutralization of the ROS and free radicals which are
generated from doxorubicin therapy. Free radical
scavenging represents one of the important
characteristics of Moringa Oleifera leaves extract which
is rich in antioxidants. Antioxidants provide protection or
remediation by scavenging reactive oxidative species
(ROS) that initiate diseases such as cancer.! Also,
many components of Moringa Oleifera leaves extract
such polyphenols and various carotenoids were observed
to improve the immune system, scavenge free radical and
reduce the production of DNA mutations that were
previously exposed to a variety of oxidative
conditions. !

More to the point, there was a significant decrease in
WBC count in BIL/MO group when compared to BIL
group either after two weeks or four weeks from
treatment in the present study. Moringa Oleifera has
potent antiproliferative activity and apoptosis inducing
capacity on tumor cell line. It also increases the
cytotoxicity of chemotherapy on pancreatic cancer
cells.>*1 The mechanisms of anticancer properties of
Moringa Oleifera is still emerging. Akanni et al.,"*
concluded that enhanced apoptosis by increased
expression of TNF-a is a possible mechanism of action
of Moringa Oleifera extract in rats bearing benzene-
induced leukemia. TNF-o activates and increases NK
cytolytic function and can induce apoptosis through the
activation of Type | receptors, which are considered part
of an apoptotic cascade. Recently, Moringa Oleifera
leaves and roots extracts act as anti-cancer agent by
decreasing cell proliferation and exhibiting apoptosis-
mediated cell death in liver HepG2, colon HCT 116 and
Caco-2 and breast MCF7 cancer cell lines.'
Furthermore, polyphenols; present in MO leaves extract;
were shown to inhibit a specific protein responsible for
cancer in bone and also increase the production of
antioxidants in the sperms.”®) Moreover, it was proved
that co-treatment with kaempferol and quercetin;
compounds found in Moringa Oleifera; showed
inhibition of cell proliferation of human HuTu-80
duodenum adenocarcinoma cells, human Caco-2 colon
cancer cells and human PMC42 breast cancer cells.l*®
Tragulpakseerojn te al.,"”! proved that kaempferol was
reported to induce apoptosis in HCT116 colon cancer
cells through induction of caspase-3 which is considered
as a crucial component of the apoptotic machinery.

However, the mechanisms of anticancer properties of
Moringa Oleifera is still developing. The current study
supposed a new anticancer mechanism of Moringa
Oleifera by decreasing myeloid derived suppressor cells
(MDSCs). In the present work, after treatment with MO,
the percentage of MDSCs was significantly decreased
compared to BIL group (Fig. 4) that may be attributed to
the apoptotic action of MO.
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Myeloid-derived suppressor cells (MDSCs) are a
heterogeneous population of immature myeloid cells that
compose a unique constituent of the immune system that
regulate immune responses in healthy individuals and
suppress T cell immunity in tumor-bearing hosts. They
are expanded in various disease states including cancer.”

In the present study, flowcytometric analyses for MDSCs
were performed at the end of the experiment. The
percentage of MDSCs in BIL group was significantly
increased compared to control group (Fig. 4). These
results were in accordance with Dolen et al.,*® who
verified that MDSCs numbers were expanded in
peripheral blood and spleens of mammary tumor-bearing
rats. Moreover, an increased population of MDSCs in the
peripheral blood of hepatocellular carcinoma patients
was observed." ! Additionally, it was identified that there
is a significantly expanded MDSCs population in chronic
myeloid leukemia patients.®” Also, Zhang et al.,®
substantiated the presence of increased
immunosuppressive  circulating and tumor-resident
MDSCs in patients with colorectal cancers correlating
with cancer stage and metastasis. Similarly, Van
Valckenborgh et al.,®? have demonstrated that
immunosuppressive MDSC subsets were present and
active in mice model of Multiple myeloma.

MDSCs are induced by tumor-secreted and host-secreted
factors, this accumulation of MDSCs down-regulate
immune surveillance and antitumor immunity, thereby
facilitating tumor growth.®) MDSCs express high levels
of both arginase and iNOS. The increased activity of
arginase leads to enhanced L-arginine catabolism, which
lead to inhibition of T-cell proliferation.®* Another
important factor that contributes to the suppressive
activity of MDSCs is ROS. Several known tumor-
derived factors, such as TGFp, IL-10, IL-6, IL-3,
platelet-derived growth factor and GM-CSF, can induce
the production of ROS by MDSCs.*™ In addition, it has
emerged that peroxynitrite (ONOO-) is a crucial
mediator of MDSC-mediated suppression of T-cell
function and one of the most powerful oxidants produced
in the body. It was demonstrated that peroxynitrite
production by MDSCs during direct contact with T cells
results in nitration of the T-cell receptor (TCR) and CD8
molecules, which alters the specific peptide binding of
the T cells and renders them unresponsive to antigen-
specific stimulation.®® More to the point, the ability of
MDSCs to promote the de novo development of
regulatory T cells in vivo has been described.P” Further
mechanisms of T cell inhibition mediated by MDSCs
include the findings from the Ku et al.®® who
demonstrated that MDSCs facilitate the downregulation
of L-selectin (CD26L) in naive T and B cells resulting in
an impaired homing of the cells to the lymph nodes in
tumor-bearing mice and therefore limiting the number of
T cells responding to the presented antigen. Furthermore,
they have demonstrated the ability of MDSC to induce T
cell hypo-responsiveness in spleen and in blood.
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CONCLUSION

In conclusion, the current study established the elevation
of MDSCs in BIL and for the first time the suppressing
effect of Moringa Oleifera therapy as a possible
mechanism of action of Moringa Oleifera extract in rats
bearing benzene-induced leukemia, thus providing a
novel insight into the application of Moringa Oleifera-
based treatments. In addition, Moringa Oleifera leaves
extract was shown to be most promising in overcoming
doxorubicin side effects when compared to doxorubicin
free drug. These findings suggest that MDSCs may play
a role in benzene-induced leukemia and more researches
are needed to further learn about MDSCs as a potential
future therapeutic target in leukemia.
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