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Leukemia, a malignant transformation of hematopoietic cells, is one of the most prevalent types of cancer, especially
in children and, globally, it was ranked 10th for cancer incidence and nineth for cancer deaths. Quinoxaline-1, 4-dioxide
derivatives have been claimed to have interesting anticancer activities. This study aimed to investigate whether
N-Butylpyridoquinoxaline 1, 4-Dioxide (NBPQD) has anti-leukemic effects. Leukemia was stimulated by injecting
7, 12-dimethyl benza[a]anthracene into rats that were then treated with NBPQD. NBPQD successfully restored the
normal weight, and the normal total white blood cell (WBC), lymphocyte, and neutrophil counts in the leukemic rats
in comparison to either the carrier rat group or the leukemic rats before treating them with NBPQD. Furthermore,
NBPQD caused a 71% reduction in the percentage of blasts in the leukemic rats. Compared to the leukemic animals
in which Sphingosine-1-phosphate receptor 1 (S1PR1) and Sphingosine-1-phosphate receptor 5 (S1PR5) were downregulated, NBPQD increased mRNA expression of S1PR1 and S1PR5 in the lymphocytes of leukemic rats 9.6- and
13.3-folds, respectively. Our results indicate that NBPQD is able to alleviate leukemia and it is worthy of further
characterization as a potential anti-leukemic drug. Whether up-regulation of S1PR1 and S1PR5 is involved in the
mechanism of action of NBPQD needs further investigation.
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INTRODUCTION
Leukemia is a malignant transformation of hematopoietic
cells which produces an abnormal leukemic clone of cells
suppressing the production of normal blood cellular components
(Duhrsen and Hossfeld, 1996). Leukemia is one of the most
predominant types of cancer, especially in children (Siegel et al.,
2018). Being accounting for 2.5% of all cancers (Forman et al.,
2003), leukemia was ranked 11th among the commonly diagnosed
types of cancer (Todd et al., 2017).
According to Siegel et al. (2018), around 60,300 new
cases of leukemia were expected to be diagnosed in the US in
2018. Based on cell type and rate of growth, leukemia is classified
into four main groups: acute lymphocytic, acute myeloid, chronic
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myeloid (CML), and chronic lymphocytic (CLL) (Siegel et al.,
2018).
Causes of leukemia are diverse and they could be
familial, infectious, physical, or chemical depending on the cell
type and the individual variations from one patient to another (Pui,
1995). Obesity, smoking, and exposure to electromagnetic fields
and ionizing radiation have been reported to be risk factors for the
development of leukemia.
The main approaches to treat leukemia include surgery,
radiotherapy, chemotherapy, immunotherapy, and stem cell
transplantation (Davis et al., 2014). Leukemia was the first
autologous cancer to be cured with chemicals (Aur et al., 1971).
Chemotherapy is directed to kill dividing cancer cells because
cancer cells attempt to divide when other cells do not; a trait
that makes cancer cells susceptible to a broad range of cellular
poisons (Pokharel, 2012). Chemotherapeutic drugs include
antimetabolites, genotoxic drugs, alkylating agents, intercalating
agents, enzyme inhibitors, and spindle inhibitors.
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Quinoxaline-1, 4-dioxide derivatives were found to have
interesting anticancer activities, especially in treating solid tumor
(Zarranz et al., 2004). Moreover, in the presence of xanthine and
xanthine oxidase, quinoxaline derivatives could cleave the DNA
helix under hypoxic conditions (Ibrahim and Wally, 2009). Compared
to the anticancer agent doxorubicin, N-Butylpyridoquinoxaline 1,
4-Dioxide (NBPQD) showed higher activity on the human liver cell
line HEPG2 cells (Habib et al., 2012). NBPQD has been reported
to have a high cytotoxicity against Ehrlich ascites carcinoma (EAC)
cells in vitro (Habib et al., 2012).
The main side effect of chemotherapy is myelosuppression and anemia. Treatment of EAC-bearing mice with
NBPQD did not cause such myelo-suppression and anemia. This
compound was reported to restore the level of hemoglobin and
red blood cell (RBC) count close to their normal values (Habib
et al., 2012; Subramanian and Gowry, 2011). NBPQD is thought
to possess a protective action for the hematopoietic system
because of its ability to scavenge free radicals through superoxide
dismutase-like activity (Habib et al., 2012). The present study was
thus designed to explore whether NBPQD has any anti-leukemic
effects.
Sphingosine-1-phosphate receptors (S1PRs) are a family
of plasma membrane G-protein-coupled receptors (GPCRs) that
play fundamental roles in cell survival, proliferation, migration,
and differentiation during the development and progression of
cancer, including hematological malignancies, which make them
critical and important targets for potential therapeutics for cancers
(Watters et al., 2011). In addition, GPCRs are considered ideal
targets for drug development due to the specificity of chemical
substances that can be generated (Watters et al., 2011). To
investigate the roles of S1PRs in the development of leukemia and
to identify their potential agonists and antagonists, we evaluated
the expression of S1PR1 and S1PR5.
ANIMALS AND METHODS
Animals
Twenty-five male albino Wistar rats (65–75 g) were
maintained in rearing cages in the animal house of our institute.
Animals were divided into five groups, five rats each. Carrier
group: rats were injected in the caudal vein with Dimethyl
sulfoxide (DMSO) every 2 weeks (four times in total). 7,
12-dimethyl benza[a]anthracene (DMBA) group: animals were
injected in the caudal vein with DMBA every 2 weeks (four times
in total). DMBA + NBPQD group: animals were injected in the
caudal vein every 2 weeks with DMBA (four times in total) and
the blood was collected from the caudal vein (“DMBA before
NBPQD” subgroup). This subgroup of animals was then injected
intra-peritoneally with NBPQD daily for 14 days (“NBPQD after
DMBA” subgroup). NBPQD group: rats were injected intraperitoneally with NBPQD daily for 14 days. Untreated group:
animals were fed on normal diet and drinking water for 14 days.
Induction of leukemia, growth performance, and WBCs count
Leukemia was experimentally induced and assessed in
rats, and the evaluation of growth performance and WBC count
were performed as previously mentioned (Kabeel et al., 2018).
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Quantitation of gene expression
Blood lymphocytes were collected from three rats of each
of the studied groups by Lymphocyte Separation Medium (#17829E, Lonza) following the recommended instructions. Total RNA
was isolated from the collected cells by GeneJET RNA Purification
Kit (#K0731, Thermo Scientific). Pure RNA was converted into
cDNA by RevertAid H Minus cDNA Synthesis Kit (#K1631,
Thermo Scientific) following the recommended instructions. SYBR
Green PCR Mix (#K0251, Thermo Scientific) was used to perform
Quantitative Real Time PCR for S1PR1 and S1PR5 in 20 µl scale
reactions. cDNAs of S1PR1 and S1PR5 were quantitated using the
primers: S1PR1 sense: 5′-CCGCTTGAGCGAGGCTGCTG-3′,
S1PR1 antisense: 5′-CTATGATATCATAGTTGCCATAGTC-3′,
S1PR5 sense: 5′-TCTAGAGCGCCACCTTACCATG-3′, and the
antisense primer: 5′- AAATCCTTGCATAGAGCGCACAG-3′.
β-actin was detected as the reference gene using the sense primer:
5′-CCTTCTACAAATGAGCTGCGT-3′ and the antisense primer:
5′-CCTGGATAGCAACGTACATG-3′. Reactions were cycled in
Mx3000P QPCR Systems (Stratagene) at 95°C for 10 minutes,
followed by cycling 40 times at 95°C for 15 seconds, 60°C for 15
seconds, and 72°C for 30 seconds. Data analysis was performed
by the ΔΔCt method.
Statistical analysis
All values in the text and figures were presented
as arithmetic means ± standard error of the mean. Statistical
significance was determined by one-way analysis of variance with
Tukey’s HSD test and p values ≤ 0.05 were considered significant.
RESULTS
NBPQD alleviates leukemia in rats
To determine whether NBPQD has an anti-leukemic
effect, leukemia was stimulated in rats by DMBA injection
followed by intra-peritoneal treatment of rats with NBPQD. In
comparison to “carrier” group, there was a significant decrease
(p = 0.040) in the weight gain in the leukemic “DMBA before
NBPQD” subgroup. After applying NBPQD on the leukemic
(DMBA-treated) rats, no significant change (p = 0.612) in the
weight gain was detected between “NBPQD after DMBA” and
the “carrier” groups (Fig. 1). This reveals the recovery of weight
in the leukemic rats injected with NBPQD. A significant rise (p
= 0.000) in the total WBC number was noticed in the leukemic
“DMBA before NBPQD” subgroup in comparison to the “carrier”
animal group (Fig. 2). After applying NBPQD on the leukemic
(DMBA-treated) rats, no significant change (p = 0.985) in the total
WBC number was noticed between the leukemic “NBPQD after
DMBA” subgroup and the “carrier” group, revealing recovery of
the normal total WBC number in the NBPQD-treated rats (Fig.
2). Within the same animal group, a significant rise (p = 0.001)
in the weight gain and a significant decrease (p = 0.008) in the
total WBC number were noticed in the DMBA-treated rats after
applying NBPQD (“NBPQD after DMBA” subgroup) compared
to DMBA-treated rats before applying NBPQD (“DMBA before
NBPQD” subgroup), confirming restoration of the normal weight
gain and total count of WBCs after treating rats with NBPQD
(Figs. 1 and 2).
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Figure 1. Weight gain in the “Carrier,” “DMBA before NBPQD,” “NBPQD
after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD recovered normal
weight in the leukemic rats and it had no significant effect on the untreated rats.

Figure 3. Lymphocyte percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD restored
the normal lymphocyte percentage in the leukemic rats and it had no significant
effect on the untreated rats.

Figure 4. Neutrophil percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD restored
the normal neutrophil percentage in the leukemic rats and it had no significant
effect on the untreated rats.
Figure 2. Total WBC count in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD restored
the normal WBC in the leukemic rats and it had no significant effect on the
untreated rats.

In comparison to the “carrier” group, a significant
decrease (p = 0.002) in the lymphocytes % was noticed in the
leukemic “DMBA before NBPQD” subgroup of animals (Fig. 3).
After applying NBPQD on the leukemic (DMBA-treated) rats, no
significant change (p = 0.255) was noticed in the lymphocyte %
between “NBPQD after DMBA” and the “carrier” animal groups,
revealing the recovery of the normal number of lymphocytes
after treatment with NBPQD (Fig. 3). A significant reduction (p =
0.043) in the neutrophil % was noticed in the leukemic “DMBA
before NBPQD” subgroup in comparison to the “carrier” animal
group (Fig. 4). After applying NBPQD on the leukemic (DMBAtreated) animals, there was no significant change (p = 0.363) in

the neutrophil % between the “NBPQD after DMBA” and the
“carrier” groups, revealing an increase in the neutrophils % after
treating rats with NBPQD (Fig. 4). A statistically significant
increase (p = 0.000) in the blast % was recorded in the leukemic
“DMBA before NBPQD” subgroup in comparison to the “carrier”
group (Fig. 5). With the application of NBPQD on the leukemic
(DMBA-treated) rats, 71% reduction in the blast % was noticed
(Fig. 5). Thus, treating the leukemic rats with NBPQD resulted in
a very considerable decrease in the percentage of blasts.
Inside the same treated group, a significant increase (p =
0.010) in lymphocyte % was noticed in the “NBPQD after DMBA”
subgroup in comparison to the leukemic “DMBA before NBPQD”
subgroup, revealing recovery of the normal number of lymphocytes
after treating animals with NBPQD (Fig. 3). A noticeable but nonsignificant rise (p = 0.165) in the neutrophil % was recorded in the
“NBPQD after DMBA” subgroup in comparison to the leukemic
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Figure 5. Blast percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD caused a
remarkable reduction on the blast % in the leukemic rats and it had no significant
effect on the untreated rats.

Figure 6. Monocyte percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD had
no significant effect on the monocyte percentage in the leukemic rats or the
untreated rats.

“DMBA before NBPQD” subgroup (Fig. 4). A statistically
significant reduction (p = 0.000) in the blast % was noticed in the
“NBPQD after DMBA” subgroup in comparison to the leukemic
“DMBA before NBPQD” subgroup, confirming the decrease in the
number of blasts after treating rats with NBPQD (Fig. 5).
No significant change in the percentage of monocytes
(p = 0.703), eosinophils (p = 0.160), or basophils (p = 0.630)
between the “carrier” group and the “DMBA before NBPQD”
subgroup (Figs. 6–8). After applying NBPQD on the leukemic
(DMBA-treated) animals, no significant change in the percentage
of monocytes (p = 0.262), eosinophils (p = 0.100), or basophils (p
= 0.943) was detected between the “carrier” group and “NBPQD
after DMBA” subgroup (Figs. 6–8). Inside the same treated group,
no significant change in the percentage of monocytes (p = 0.247),
eosinophils (p = 0.080), or basophils (p = 0.774) was detected
between the “NBPQD after DMBA” and the leukemic “DMBA
before NBPQD” subgroups (Figs. 6–8).
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Figure 7. Eosinophil percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD had
no significant effect on the eosinophil percentage in the leukemic rats or the
untreated rats.

Figure 8. Basophil percentage in the “Carrier,” “DMBA before NBPQD,”
“NBPQD after DMBA,” “NBPQD,” and “Untreated” groups. NBPQD had no
significant effect on the basophil percentage in the leukemic rats or the untreated
rats.

Effect of NBPQD on the untreated rats
To examine the effect of NBPQD on the untreated
rats, rats were intra-peritoneally injected with NBPQD for 14
days and compared to the “untreated” group with respect to the
studied biological parameters. No significant differences between
the “untreated” and the “NBPQD” groups in weight gain (p =
0.623), total WBC number (p = 0.093), lymphocyte % (p = 0.621),
neutrophil % (p = 0.117) and the percentage of blasts (p = 0.403),
monocytes (p = 0.807), eosinophils (p = 0.389), and basophils (p
= 0.754) (Figs. 1–8).
S1PR1 and S1PR5 are involved in alleviating leukemia by
NBPQD
To investigate whether alleviation of leukemia by
NBPQD involves regulating the expression of S1PR1 and S1PR5,
lymphocytes were isolated from the “untreated,” “carrier,”
“DMBA,” “DMBA before NBPQD,” “NBPQD after DMBA,”
and “NBPQD” groups, and mRNA expression of S1PR1 and
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Figure 9. Fold change of S1PR1 and S1PR5 expression in the animal groups:
DMBA (in comparison to carrier), NBPQD after DMBA (in comparison to
carrier), and NBPQD (in comparison to DMBA). mRNA expression of S1PR1
and S1PR5 was considerably downregulated in the leukemic rats and NBPQD
upregulated their expression 9.6- and 13.3-folds, respectively.

S1PR5 was evaluated by real-time PCR in three animals of each
studied group. The fold change of S1PR1 and S1PR5 expression
was evaluated by ΔΔCt method and the “log” of fold change was
presented in Figure 9.
In comparison to the “carrier” group, S1PR1 mRNA
expression was reduced 14.6 times in the leukemic “DMBA”
group. The reduction in S1PR1 expression was ameliorated in the
“NBPQD after DMBA” group to 8.2 times in comparison to the
“carrier” group. In comparison to the leukemic “DMBA” group,
NBPQD increased S1PR1 expression 9.6-folds (Fig. 9).
Compared to the “carrier” group, S1PR5 mRNA expression
decreased 8.6 times in the leukemic “DMBA” group. The reduction
in S1PR5 expression was abolished and S1PR5 was overexpressed
in the “NBPQD after DMBA” group to 3.6 times in comparison to
the “carrier” group. In comparison to the leukemic “DMBA” group,
NBPQD increased S1PR1 expression 13.3-folds (Fig. 9).
DISCUSSION
In this study, we have shown that NBPQD is able to
alleviate experimentally induced leukemia in rats by recovering the
normal body weight in addition to recovering the normal numbers
of total WBCs, lymphocytes, and neutrophils. Importantly,
NBPQD caused 71% reduction in the blast percentage in the
treated leukemic rats. In addition, NBPQD upregulated S1PR1
and S1PR5 expression several folds and, therefore, it can be
considered as potential S1PR1 and S1PR5 agonist.
DMBA induces leukemia well in experimental animals
(Kabeel et al., 2018; Sugiyama et al., 2002) because of its ability
to produce DMBA-DNA adducts that stimulate a highly specific
mutation at the second position in the codon number 61 of N-ras
gene (Osaka et al., 1995). The experimental N-ras gene mutation
is similar to that in human leukemias and is induced 48 hours after
DMBA treatment (Sugiyama et al., 2002). Like other Ras gene
mutations, this mutation is believed to drive a variety of signaling
pathways causing cell proliferation (Maruta and Burgess, 1994).
Also, DMBA generates too much reactive oxygen species during
its metabolism, which results in lipid peroxidation, damage in
DNA, and exhaustion of the antioxidant defense systems in the cell

(Bharali et al., 2003; Kumar et al., 2014). According to Huggins
and Sugiyama (1966), the induced leukemia is a mixture of diffuse
hepatic leukemia of erythroblastic stem cells, and myelogenous,
lymphoblastic, and thymic leukemias.
In the current study, weight loss has been observed in the
DMBA-induced leukemia. Previous studies showed that leukemia
causes weight loss due to eating less, using more energy, high
metabolism, or hyperthyroidism (Huggins and Sugiyama, 1966;
Sessions, 2007).
In the present study, a significant increase in total WBC
count and a highly significant increase in the blast percentage were
recorded in the leukemic DMBA-treated animals. These results are
similar to the results of Huggins and Sugiyama (1966) and N'jai et
al. (2010) who found that the administration of DMBA increased
the total WBC count. The presence of blasts is the most significant
observation in the leukemic peripheral film. DMBA impairs
maturation of myeloid and lymphoid progenitor cells because its
metabolites are able to inhibit proliferation or differentiation of
hematopoietic stem cells (N’Jai et al., 2010).
In the present study, DMBA induced a decrease
in lymphocyte and neutrophil percentages. Previous studies
suggested that DMBA targets selectively WBCs rather than red
cells or thrombocyte precursors in the bone marrow because it
did not cause any significant changes in red blood cell numbers,
hematocrit value, or platelet numbers, but it produced a reduction
in numbers of neutrophils and lymphocytes (El-Bakry et al., 2013;
N’Jai et al., 2010).
Current results show that the application of NBPQD
efficiently recovered the weight loss in the leukemic rats.
Administration of NBPQD for 14 consecutive days, in this study,
successfully restored the normal total WBC number and the normal
lymphocyte and neutrophil percentages in the leukemic animals in
comparison to either the carrier group or the group of leukemic
rats before applying NBPQD. Moreover, NBPQD caused 71%
decrease in the blast percentage in the leukemic rats.
Previous studies demonstrated some anticancer
activities for NBPQD (Zarranz et al., 2004). Habib et al. (2012)
demonstrated that treatment with NBPQD induced an increase in
the proliferation of all types of leukocytes, and, therefore, it was
proposed that NBPQD stimulates the early steps of both myeloid
and lymphoid maturation pathways of leukocytes.
The observation that NBPQD also caused a decrease in the
percentage of the DMBA-induced blasts in this study may indicate
that NBPQD possesses a protective action for the hemopoietic
system. This supports the finding of Habib et al. (2012) that the
anti-tumor potential of NBPQD was because of its superoxide
dismutase-like activity, which scavenges the free radicals.
In general, quinoxaline derivatives have a broad variety
of biological activities, including antimicrobial, anti-inflammatory,
antioxidant, anticancer, and antihistaminic activities (Ganapathy
et al., 2007). Specific quinoxaline derivatives showed selective
cytotoxicity against hypoxic cells in solid tumors (Gali-Muhtasib
et al., 2001).
Quinoxaline-1, 4-dioxide derivatives were reported to
possess anticancer activities especially in the treatment of solid
tumor (Zarranz et al., 2004). Treatment of EAC-bearing mice
with NBPQD brought the hemoglobin level and RBC count
back near to their normal values, and, therefore, it overcomes
anemia and myelo-suppression which are the major problems of
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chemotherapy (Subramanian and Gowry, 2011). This indicates
that NBPQD protects the hematopoietic system because of its
ability to scavenge the free radicals (Habib et al., 2012).
NBPQD prolonged the life span of the animal model
(Habib et al., 2012), thus increasing the potentiality that NBPQD
has a remarkable anti-tumor activity in experimental animals
(Habib et al., 2012). Prolongation of the animal’s life span is a
reliable criterion for evaluating the antitumor capability of any
agent (Gupta et al., 2004).
According to Habib et al. (2012), the effect of NBPQD
on the tumor model was thought to depend on: (1) the ability
to cleave the DNA under hypoxic conditions in the presence of
xanthine and xanthine oxidase (Ibrahim and Wally, 2009), (2) the
breaks that take place in the DNA double helix when NBPQD is
introduced to tumor cells (Unak and Unak, 1996), (3) the ability
of NBPQD to produce oxygen radicals that can attack tumor cells,
where, tumor cells face a reduction in the antioxidants system
(Ibrahim and Wally, 2009), or (4) possible cooperation of these
three mechanisms to produce this effect.
To the best of our knowledge, this study is the first report
that shows the effects of NBPQD on DMBA-induced leukemia.
Data presented here indicated that NBPQD given to leukemic rats
for 14 consecutive days was able to alleviate the leukemic effects
and restore the normal levels of many biological parameters.
Our results indicated that S1PR1 expression at the
mRNA level in lymphocytes decreased 14.6 times in the leukemic
rats. This decrease in S1PR1 expression in the leukemic rats has
been ameliorated to 8.2 folds after treating rats with NBPQD. In
other words, compared to the leukemic animals, NBPQD was able
to increase S1PR1 expression 9.6 folds.
Levels of S1PR1 and S1PR5 mRNAs are considered
correlating with their protein levels. In a few types of cells, such
correlation may be weak; however, all studies on S1PR1 and
S1PR5 in the different types of cells, there was no controversy
between their mRNA expression and their protein levels.
S1P and S1PR1 play an essential role in regulating the
exit of T and B cells from peripheral lymphoid organs toward
blood and lymph. The levels of S1PR1 determine the transit time
of normal lymphocytes through lymph nodes. Surface S1PR1
is very sensitive to the presence of S1P, as once lymphocytes
get into circulation; the expression of S1PR1 gene on the cell
surface is promptly down-regulated (Lo et al., 2005) by liganddependent receptor internalization as a consequence of the higher
S1P levels in blood and lymph (Pappu et al., 2007). One reason
for why lymphocytes may have to downregulate S1PR1 after
entering the bloodstream is to be able to overcome the attractive
pulling of S1P and moving back into lymphoid tissue (Arnon
et al., 2014).
S1PR1 gene is expressed in a multitude of hematological
malignancies, including classical Hodgkin’s lymphoma, B-chronic
lymphocytic leukemia, activated B cell-like diffuse large B
cell lymphoma (Capitani et al., 2012; Kluk et al., 2013). The
expression of S1PR1 is reduced by different signals that leukemic
cells may encounter within the niche of lymphoid tissues and this
delays their egress to the circulation and, thus, extends their stay at
survival micro-environments (Borge et al., 2014).
S1PR1 is abundantly expressed on small lymphocytes
(Nishimura et al., 2010) and S1P receptors levels are regulated

013

during trafficking of lymphocyte and setting their dwell time in the
peripheral lymphoid organs (Capitani et al., 2012).
Compared with normal B cells, S1PR1 gene expression
is reduced in CLL (Borge et al., 2014; Capitani et al., 2012). S1PR1
gene expression is regulated by B Cell Receptor (BCR) signaling.
BCR signaling represses S1PR1 expression and function on CLL
cells, so, the egression from the lymphoid tissues is delayed and
the retention of CLL cells in lymph nodes occurs (Capitani et al.,
2012; Till et al., 2015). Treatment with BCR signaling inhibitors
relieved this BCR facilitated repression of S1PR1 expression and
resulted in the exit of CLL cells from affected lymph nodes (Krysov
et al., 2010). In vivo treatment using Fostamatinib inhibited BCR
signaling, cellular activation, and tumor proliferation in patients
with relapsed CLL (Herman et al., 2010).
S1PR1 gene was identified as a reactive oxygen speciesresponsive gene in CLL and the supportive micro-environment
signals reduced S1PR1 gene expression by modifying the redox
status of the cells (Capitani et al., 2012).
Results of this sudy indicated 8.6 times reduction
in S1PR5 mRNA expression in lymphocytes in the leukemic
animals in comparison to the control animal group. This reduction
in S1PR5 expression in the leukemic rats has been abolished
and S1PR5 was overexpressed 3.6-folds after treating rats with
NBPQD. In other words, compared to the leukemic rats, NBPQD
was able to upregulate S1PR5 expression 13.3-folds.
S1PR5 gene is expressed in brain and spleen, and it was
first discovered in peripheral blood mononuclear cells from T celllarge granular lymphocyte leukemia (T-LGL) (Kothapalli et al.,
2002). S1PR5 is upregulated in ~80% of T-LGL leukemia patients
(Shah et al., 2008). S1PR5 is the predominant type of S1P receptor
expressed on normal natural killer (NK) cells and it is involved in
the egress of NK cells from the bone marrow to the blood (Jenne
et al., 2009; Walzer et al., 2007).
S1PR5 decreases the activity of adenylyl cyclase and
extracellular signal-regulated kinases in many cell lines in the
absence of S1P, and, thus, it induces cell detachment and rounding
without enhancing apoptosis (Niedernberg et al., 2003). This effect
could contribute to or even prompt cell migration by preventing
strong attachment to the bone marrow stromal substrate (Debien
et al., 2013).
Many agonists and antagonists which target S1PR1
were produced and are under clinical testing (Kunkel et al., 2013).
FTY720, approved by the FDA and used as an oral therapy for treating
diseases (Chun and Brinkmann, 2011), is a sphingosine analog that is
phosphorylated in the cells and acts as a powerful agonist for most of
sphingosine-1-phosphate receptors (Jeffery et al., 2011).
FTY720 has displayed anti-tumor activity by prompting
apoptosis of solid tumor cells or leukemic cells through S1PRdependent or independent mechanisms (Jeffery et al., 2011;
Zhang et al., 2010). FTY720 induced apoptosis of LGL cells and
sensitized these cells to Fas-mediated cell death (Shah et al., 2008)
and it, also, inhibited CML stem cell proliferation and expansion
in vitro (Neviani et al., 2013). Several data support FTY720 for
anticancer therapy in various cancer settings (Ogretmen, 2018).
Because S1PR1 and S1PR5 are upregulated by NBPQD
treatment, it is possible that NBPQD acts as an agonist that regulates
the expression of these receptors and controls the WBC and
lymphocyte number in the treated leukemic rats. It is noteworthy to
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mention that as members of the GPCR family, S1P receptors can be
considered good targets for drug development due to the specificity
of the chemical substances that can target them.
CONCLUSION
This study determined the ability of NBPQD to alleviate
experimentally induced leukemia in rats. NBPQD restored the
weight loss, the normal total WBC, lymphocyte and neutrophil
counts, and most importantly, it caused 71% reduction in the blast
percentage in the treated leukemic rats. S1PR1 and S1PR5 were
downregulated in the leukemic rats and NBPQD ameliorated this
down regulation of S1PR1 and S1PR5. NBPQD up-regulated
S1PR1 and S1PR5 expression 9.6- and 13.3-folds, respectively. It
is possible that S1PR1 and S1PR5 are involved in the mechanism
of the anti-leukemic action of NBPQD. Further characterization of
the pathways initiated by the NBPQD as a promising anti-leukemic
agent is necessary.
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