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Abstract
Background: Leukemia is a malignant blood disease caused by the overproduction of a large number of immature
blood cells that enter the peripheral blood. Because of the side effects associating the chemotherapy of leukemia,
the identification of medicinal herbs, therefore, remains to be an attractive goal to treat leukemia.
Results: In this study, leukemia was experimentally induced in rats by 7, 12-dimethyl benza[a]anthracene (DMBA)
and rats were treated with a water extract of a four-plant (Arctium lappa, Ulmus rubra, Rumex acetosella, and Rheum
palmatum) mixture. Application of this four-plant mixture extract successfully recovered weight loss and restored
the normal total WBC, lymphocyte and neutrophil counts in a leukemia rat model compared to either the DMSOtreated rats or the leukemic rats before applying the plant mixture. Moreover, this plant mixture decreased the
percentage of blasts by two thirds in leukemic rats. By quantitative real-time PCR, sphingosine-1-phosphate
receptor-1 mRNA expression in lymphocytes was downregulated in leukemic rats, and this downregulation was
significantly alleviated by treating the leukemic rats with the plant mixture.
Conclusion: This study investigates, for the first time, the effect of this plant mixture on a chemically induced leukemia
rat model. Results further support previous reports about the anti-carcinogenic effect of this plant mixture and
highlights the possibility of its use in leukemia treatment to avoid the negative side effects of the usual therapy.
Keywords: Leukemia, DMBA, Medicinal herbs, Cytotoxicity, Sphingosine-1-phosphate receptor 1, Gene expression

Background
Leukemia is a malignant disease of blood-forming tissues
causing the overproduction of immature blood cells that
enter the blood stream (Azher & Shiggaon, 2013). It is the
ninth most common cancer in men and the 12th in
women (Quinn, Babb, Brock, Kirby, & Jones, 2001).
Leukemia can be classified basically as lymphoid or myeloid, according to the cell lineage, and as acute or chronic,
according to the evolution of the disease (Love, 1936; Javed
et al., 2012). Its etiologic factors include genetic alteration,
environmental factors, smoking, alcohol consumption,
chemicals, viruses, ionizing radiation, and immune deficiency (Kinane, 1999; Eden, 2010). This disease is usually
treated by chemotherapy, combined with radiation and
allogeneic hematopoietic stem cell transplantation (HSCT)
(Seibel, 2008). Chemotherapy is one of therapeutic options
for cancer, but it has severe side effects and dose-limiting
toxicity (Camp-Sorrell, 2000). A lot of patients prefer
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medicinal herbs that are safe in contrast to chemotherapy
and radiotherapy (Mankaran, Dinesh, Deepak, & Gurmeet,
2013). Several types of herbs and fruits and their compounds were reported to inhibit carcinogen formation,
block carcinogen interaction, and suppress tumor progression (e.g., ginseng root, garlic, Achillea fragrantissima)
(Abdullah, Kandil, Elkadi, & Carter, 1988; Alenad, AlJaber, Krishnaswamy, Yakout, Al-Daghri, et al., 2013).
In Canadian traditional medicine, the burdock root
(Arctium lappa), the inner bark of slippery elm (Ulmus
fulva or Ulmus rubra), sheep sorrel (Rumex acetosella),
and rhubarb (Rheum palmatum) have been reported to
have anticancer activity (Minyi, 1992). A widely used
herbal extract formulation (Essiac®) has been commercially produced and it is widely used as a complementary
and alternative medicine (CAM) by some cancer patients and survivors (Kulp et al., 2006). These four plants
were reported to have hepatoprotective, antiinflammatory (A. lappa, R. palmatum), strong antioxidant
and free radical scavenging (A. lappa), gastroprotective (R.
palmatum, U. rubra), and anti-septic and anti-spasmodic
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(R. palmatum) activities (Bradley, 1992; Lin, Lin, Yang,
Chuang, & Ujiie, 1996; Duh, 1998; Tamayo, Richardson,
Diamond, & Skoda, 2000; Lin et al., 2002). A. lappa leaf
extract ameliorated cadmium genotoxicity and the histopathological effects in the rat kidney at different doses
(Al-Gebaly, 2017).
These plants were also used to treat diarrhea (U. fulva
or U. rubra; R. acetosella), skin inflammations (U. fulva
or U. rubra; R. acetosella; R. palmatum), viral infections,
respiratory diseases (R. acetosella), intestinal bleeding,
pancreatitis, kidney diseases (R. palmatum), convalescence, cough, and sore throat (U. fulva or U. rubra)
(Castleman, 1991; Bradley, 1992; Duke, 1997; Gescher,
Hensel, Hafezi, Derksen, & Kühn, 2011). A. lappa is
used as diuretic, depurative, digestive stimulant, and
anti-allergic (Soh et al., 2011; De Almeida et al., 2012).
R. palmatum contains a natural anthraquinone called
emodin that has been reported to inhibit the protein
kinase CK2 (Yim, Lee, Lee, & Lee, 1999) and to block
cell division of Trypanosoma cruzi epimastigotes in vitro
(De Lima et al., 2017).
Some studies have shown anti-carcinogenic effects for
the Indian rhubarb extract, and aloe emodin, an anthraquinone present in rhubarb family, was shown to have
both tumor inhibition and tumor initiation properties
(Kupchan & Karim, 1977; Masuda & Ueno, 1984; Morita,
Umeda, Masuda, & Ueno, 1988).
Using cell line system, this plant mixture has been
shown to effectively reduce hydroxyl radical up to 84%,
and superoxide radicals up to 82% at the 50% concentration of this mixture, and in addition, the mixture prevented hydroxyl radical-induced DNA damage and
inhibited hydroxyl radical-induced lipid peroxidation up
to 50% at the 50% mixture preparation concentration
(Leonard et al., 2006).
Despite these studies and the diverse therapeutic effect
of these plants (U. rubra, A. lappa, R. acetosella, and R.
palmatum), no studies have investigated their antileukemic effect in vivo. Therefore, the present study was
designed to explore whether the mixture of these four
plants has anti-leukemic effects in a leukemic rat model.
To unravel the molecular mechanisms through which
this plants’ mixture could exert its effects, we evaluated the
expression of sphingosine-1-phosphate receptor-1 (S1PR1).
S1PR1 is one of five G protein-coupled receptors that bind
to sphingosine-1-phosphate (S1P) with high affinity, and it
is well known to be expressed in a wide variety of cell types
and tissues, including immune cells and endothelial cells
(Chae, Proia, & Hla, 2004; Rivera & Chun, 2006).

Ministry of Health, Egypt, and housed in plastic cages
under controlled temperature in the animal house in
the Zoology Department, Faculty of Science, Damietta
University, New Damietta, Egypt.
Burdock root (A. lappa), the inner bark of slippery
elm (U. rubra), sheep sorrel (R. acetosella), and rhubarb
(R. palmatum) were obtained from Egyptian herbal
market and prepared as follows: The burdock root (A.
lappa) roots (680 g), slippery elm (U. rubra) leaves
(120 g), sheep sorrel (R. acetosella) aerial parts (455 g),
and turkey rhubarb (R. palmatum) root (30 g) (Leonard
et al., 2006) were mixed together. In 1 l of distilled
water, 25 g aliquots of this mixture were boiled for
10 min. The mixture was then left to cool for 4 h
followed by another 5-min boil, stored overnight in a
refrigerator, and used within a week of preparation
(Leonard et al., 2006).

Methods

Growth performance and WBC count

Animals and plants

Rats were weighed every week for the whole period of
the experiment. Weight gain was calculated after the last
week, and then rats were killed by anesthesia and

Twenty-five male albino Wistar rats (weight range
65–100) were obtained from Helwan animal station,

Experimental design

Experimental animals were divided into five groups of
five rats each: Group (1) (untreated group): rats were
given basal diet and water for 2 weeks. Group (2) (carrier group): rats were intravenously injected with DMSO
biweekly for 6 weeks (four times). Group (3) (DMBA
group): rats were intravenously injected with DMBA
biweekly for 6 weeks (four times). Group (4) (DMBA +
plant mixture group): rats were intravenously injected
biweekly with DMBA for 6 weeks, after which blood was
drawn from the caudal vein (“DMBA before plants” subgroup). This group was then treated with the water
extract of the four mixed plants as a drink for 2 weeks
(“DMBA with plants” subgroup). Group (5) (plant mixture group): rats were given the water extract of the four
mixed plants as a drink for 2 weeks.
Leukemia induction and assessment

Leukemia was experimentally induced in rats by a series
of intravenous injections of 7, 12-dimethyl benza[a]anthracene (DMBA) (Sigma). A 20 mg/ml emulsion was
prepared in DMSO (supplemented with olive oil) and
injected to 30–35-day-old rats; the initial dosage was
40 mg/kg body weight. The dose of the three subsequent
injections was 30 mg/kg body weight with an interval of
2 weeks between the successive injections. Leukemia
was evaluated by loss of weight, counting of peripheral
blood leucocytes, and the presence of malignant blasts
and atypical lymphocytes in the peripheral blood withdrawn from the tail.
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laparotomy. Blood was withdrawn from the heart by a
syringe for analysis. Total WBCs were counted according to standard protocol using a hemocytometer after dilution and staining with Gentian violet. WBC differential
count was performed according to the standard protocol
by staining blood films with Leishman’s stain and examining them with an oil lens.

Statistical analysis

Quantitative real-time PCR for S1PR1

Results

Lymphocytes were isolated from the blood of three rats
of each group (“untreated,” “carrier,” “DMBA,” “plants
after DMBA,” and “plant mixture”) using Lymphocyte
Separation Medium (17-829E, Lonza) according to the
manufacturer’s instructions. Total RNA was extracted
from the isolated lymphocytes using GeneJET RNA Purification Kit (#K0731, Thermo Scientific). RNA was purified
by DNase I and reverse transcribed using RevertAid H
Minus First Strand cDNA Synthesis Kit (#K1631, Thermo
Scientific), according to the manufacturer’s instructions.
Quantitative real-time PCR for S1PR1 was performed
using Maxima SYBR Green PCR Master Mix (#K0251,
Thermo Scientific) in 20-μl reactions. S1PR1 cDNA was
quantitated using the forward primer 5′- CCGCTTGAG
CGAGGCTGCTG-3′ and the reverse primer 5-CTATGA
TATCATAGTTGCCATAGTC-3′ (synthesized in Biolegio
company, Netherlands). The reference gene (β-actin) was
detected using forward primer 5′-CCTTCTACAAATGA
GCTGCGT-3′ and the reverse primer 5′-CCTGGATAG
CAACGTACATG-3′ (synthesized in Biolegio company,
Netherlands). Reactions were loaded in an Mx3000P
QPCR Systems (Stratagene). The thermal cycling conditions were 95 °C for 10 min, followed by 40 cycles of 95 °C
for 15 s, 60 °C for 15 s, and 72 °C for 30 s. Data were
analyzed by the ΔΔCt method and S1PR1 expression fold
changes were calculated.

DMSO is asuitable carrier

All values in the figures and texts are expressed as
arithmetic means ± standard error of the mean (SEM).
The statistical significance of differences for each parameter among the groups was evaluated by one-way
analysis of variance (ANOVA) followed by Tukey’s
HSD analysis. p values of < 0.05 were considered statistically significant.

Dimethyl sulfoxide (DMSO) was chosen as a carrier to deliver 7, 12-dimethylbenz[a]anthracene (DMBA) to rats. To
check whether DMSO has adverse effects on the rats, the
“untreated” rat group was compared with the carrier
“DMSO” rat group for different biological parameters
(Figs. 1, 2, 3, 4, 5, 6, 7, and 8). There was no significant differences in weight gain (p > 0.05) (Fig. 1), total WBC count
(p > 0.05) (Fig. 2), percentage of lymphocytes (p > 0.05)
(Fig. 3), percentage of neutrophils (p > 0.05) (Fig. 4), percentage of blasts (p > 0.05) (Fig. 5), percentage of monocytes (p > 0.05) (Fig. 6), percentage of eosinophils (p > 0.05)
(Fig. 7), and percentage of basophils (p > 0.05) (Fig. 8).
These results validate the use of DMSO as a carrier in this
study. Significance values for pairwise comparisons between
all groups are shown in Table 1.
DMBA induces leukemia in rats

To test whether DMBA successfully induced leukemia in
rats, “DMBA” rat group was compared with “carrier” rat
group with respect to weight gain, total WBC count,
percentage of lymphocytes, percentage of neutrophils, percentage of blasts, percentage of monocytes, percentage of
eosinophils, and percentage of basophils (Figs. 1, 2, 3, 4, 5,
6, 7, and 8). In “DMBA” rat group, a significant reduction
(p < 0.05) in the weight gain (Fig. 1), a significant increase

Fig. 1 Weight gain in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1
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Fig. 2 Total WBC count in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1

(p < 0.05) in total WBC count (Fig. 2), a significant reduction (p < 0.05) in the percentage of lymphocytes (Fig. 3), a
slight non-significant reduction (p > 0.05) in the percentage of neutrophils (Fig. 4), and a highly significant
increase (p < 0.05) in the percentage of blasts were recorded (Fig. 5). No change was recorded in the percentage of monocytes (p > 0.05) (Fig. 6), percentage of
eosinophils (p > 0.05) (Fig. 7), and percentage of basophils
(p > 0.05) between “DMBA” and “carrier” rat groups
(Fig. 8).
The plant mixture extract alleviates leukemia in rats

To investigate whether the plant mixture (U. rubra, A.
lappa, R. acetosella, and R. palmatum) extract can alleviate
leukemia induced in rats, rats were treated with DMBA biweekly for 6 weeks followed by treatment with the plant
mixture extract as a drink for 2 weeks. Compared to “carrier” rat group, there was a significant reduction (p < 0.05)

in the weight gain in the “DMBA before plants” rat subgroup. After the application of plant mixture extract on the
DMBA-treated rats, a non-significant difference (p > 0.05)
in the weight gain between “DMBA with plants” rat subgroup and the “carrier” rat group was recorded (Fig. 1).
This indicates weight recovery in the rats treated with
plants. A significant increase (p < 0.05) in the total WBC
count was recorded in the “DMBA before plants” rat subgroup compared to the “carrier” group (Fig. 2). After the
application of plant mixture extract on the DMBA-treated
rats, a non-significant difference (p > 0.05) in the total
WBC count was recorded between the “DMBA with
plants” rat subgroup and the “carrier” rat group, indicating
restoration of the normal total WBC count in the rats
treated with plant mixture extract (Fig. 2). Within the same
group, a significant increase (p < 0.05) in the weight gain
and a significant reduction (p < 0.05) in the total WBC
count were recorded in the DMBA-treated rats after

Fig. 3 Lymphocyte percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1
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Fig. 4 Neutrophil percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in
Table 1

application of the plant mixture (“DMBA with plants” subgroup) compared to DMBA-treated rats without application
of the plant mixture (“DMBA before plants” subgroup),
confirming restoration of normal total WBC count upon
treatment with the plant mixture (Figs. 1 and 2).
Compared to the “carrier” rat group, there was a significant reduction (p < 0.05) in lymphocyte percentage in
the “DMBA before plants” rat subgroup (Fig. 3). After
the application of plant mixture extract on the DMBAtreated rats, a non-significant difference (p > 0.05) was
recorded in the lymphocyte percentage between “DMBA
with plants” rat subgroup and the “carrier” rat group, indicating restoration of the normal lymphocyte count
after treating rats with the plant mixture (Fig. 3). A significant decrease (p < 0.05) in the neutrophil percentage

was recorded in the “DMBA before plants” rat subgroup
compared to the “carrier” rat group (Fig. 4). After the
application of plant mixture extract on the DMBA-treated
rats, a non-significant difference (p > 0.05) in the neutrophil percentage was recorded between the “DMBA with
plants” rat subgroup and the “carrier” rat group, indicating
an increase in the neutrophil percentage upon treating
rats with the plant mixture extract (Fig. 4). A significant
increase (p < 0.05) in the blast percentage was recorded in
the “DMBA before plants” rat subgroup compared to the
“carrier” rat group (Fig. 5). After the application of plants
on the DMBA-treated rats, 68% decrease in the blast percentage was recorded. These data indicate a considerable
decrease in the blast percentage in the rats treated with
the plant mixture extract.

Fig. 5 Blast percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1
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Fig. 6 Monocyte percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1

Within the same group, a significant increase (p < 0.05)
in the lymphocyte percentage was recorded in the “DMBA
with plants” rat subgroup compared to “DMBA before
plants” rat subgroup, indicating restoration of the normal
lymphocyte count after treating rats with the plant
mixture (Fig. 3). A slight but non-significant increase
(p > 0.05) in the neutrophil percentage was recorded in
the “DMBA with plants” rat subgroup compared to
“DMBA before plants” rat subgroup (Fig. 4). A significant
reduction (p < 0.05) in the blast percentage was recorded
in the “DMBA with plants” rat subgroup compared to

“DMBA before plants” rat subgroup, indicating the reduction of blast number upon treating animals with plant
mixture (Fig. 5). There was no significant difference in
monocyte percentage (p > 0.05), eosinophil percentage
(p > 0.05), or basophil percentage (p > 0.05) between the
“carrier” rat group and the “DMBA before plants” rat subgroup (Figs. 6, 7, and 8). After application of the plant
mixture on the DMBA-treated rats, there was also no significant difference in monocyte percentage (p > 0.05), eosinophil percentage (p > 0.05), or basophil percentage
(p > 0.05) between “carrier” rat group and “DMBA with

Fig. 7 Eosinophil percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1

Kabeel et al. The Journal of Basic and Applied Zoology (2018) 79:7

Page 7 of 12

Fig. 8 Basophil percentage in the different rat groups. Standard errors are indicated on the bars and the significance levels are shown in Table 1

plants” rat subgroup (Figs. 6, 7, and 8). Within the same
group, there was no significant difference in the monocyte
percentage (p > 0.05), eosinophil percentage (p > 0.05), or
basophil percentage (p > 0.05) between the “DMBA with
plants” rat subgroup and the “DMBA before plants” rat
subgroup (Figs. 6, 7, and 8).

neutrophil percentage (p > 0.05), in blast percentage
(p > 0.05), in monocyte percentage (p > 0.05), in eosinophil percentage (p > 0.05), or in basophil percentage
(p > 0.05) (Figs. 1, 2, 3, 4, 5, 6, 7, and 8).

Effect of the plant mixture on the untreated rats

To explore whether alleviating the chemically induced
leukemia by the plant mixture extract involves regulation of
sphingosine-1-phosphate receptor-1 (S1PR1), lymphocytes
were isolated from the “untreated,” “carrier,” “DMBA,”
“plants after DMBA,” and “plant mix” rat groups and
S1PR1 mRNA expression was quantitated by real-time
PCR. Three rats of each group were used for this purpose.
Ct values of S1PR1 normalized to β-actin (ΔCt) are calculated and represented in Fig. 9. S1PR1 expression fold

To investigate the effect of the four-plant mixture on the
untreated rats, rats were given the water extract of the
four mixed plants as a drink for 2 weeks and compared
with the “untreated” rat group for the biological parameters under study. There was no significant difference between the “untreated” rat group and “plant mixture” rat
group in weight gain (p > 0.05), in total WBC count
(p > 0.05), in lymphocyte percentage (p > 0.05), in

Sphingosine-1-phosphate receptor-1 is involved in
alleviating leukemia by the plant mixture extract

Table 1 Significance level for the comparison of weight gain, total WBC count, and the percentage of lymphocytes, neutrophils,
blasts, monocytes, eosinophils, and basophils between the different rat groups (untreated, carrier, DMBA, DMBA before plants, DMBA
with plants, and plant mixture) by descriptive one-way ANOVA and Tukey’s HSD analysis
Group

N

Weight gain

Total WBC count

Lymphocytes

Neutrophils

Blasts

Monocytes

Eosinophils

Basophils

Untreated

7

0.998

0.750

0.977

0.633

0.995

1.000

1.000

0.899

Carrier

5

Carrier

5

0.001

0.022

0.000

0.922

0.001

1.000

0.990

0.861

DMBA

5

Carrier

5

0.002

0.002

0.000

0.022

0.000

1.000

0.911

0.862

DMBA before plants

5

Carrier

5

1.000

0.999

0.999

0.490

0.004

1.000

0.400

0.999

DMBA with plants

5

DMBA before plants

5

0.003

0.001

0.004

0.963

0.000

1.000

1.000

1.000

DMBA with plants

5

Untreated

7

0.473

0.999

0.931

0.833

1.000

1.000

1.000

0.999

Plant mixture

5
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Fig. 9 Scatter plot for ΔCt of S1PR1 expression in individual rats in the five rat groups under study

change was calculated through ΔΔCt method and the log
fold changes were represented in Fig. 10. Compared to “carrier” rat group, mRNA expression decreased by 14.6-folds
in the “DMBA” rat group (Fig. 10). This decrease in S1PR1
expression was alleviated in the “plants after DMBA” rat
group to 7.9-folds compared to the “carrier” rat group.
Compared to the “DMBA” group, the plant mixture was
able to increase S1PR1 expression by 8.5-folds (Fig. 10).

Discussion
The data presented here show that DMBA successfully
induced leukemia in rats. DMBA is known to induce
leukemia disease mixed from diffuse hepatic leukemia
of erythroblastic stem cells, myelogenous leukemia,
lymphoblastic leukemia, and thymic leukemia (Huggins

& Sugiyama, 1966). Treatment with DMBA has been
reported to produce DMBA-DNA adducts that induce
a consistent type of point mutation A to T transversion
at the second base in codon 61 of the N-ras gene
(Osaka et al., 1995). This mutation is thought to arise
from depurination of the DMBA-DNA adduct, followed
by mis-replication across the unrepaired apurinic site
(Schaaper, Kunkel, & Loeb, 1983; Strauss, 1985). The
Ras gene mutations were thought to activate multiple
signaling pathways leading to cell proliferation (Maruta & Burgess, 1994).
Results show that application of the four-plant (A. lappa,
U. rubra, R. acetosella, R. palmatum) mixture extract successfully recovered the weight loss in the chemically
induced leukemic rats. Also, this plant mixture restored the

Fig. 10 Expression fold change of S1PR1 in rat groups: carrier (compared to untreated), DMBA (compared to carrier), DMBA with plants
(compared to carrier), and plant mixture (compared to DMBA)
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normal total WBC count, the normal lymphocyte count,
and the normal neutrophil count in the leukemic rats compared to the “carrier” rat group. Moreover, the plant mixture decreased the percentage of blasts by two thirds in the
leukemic rats. These results are in agreement with previous
studies demonstrating the inhibitory effects of Essiac® on
cancer (Tamayo et al., 2000; Tai, Cheung, Wong, & Lowe,
2004; Leonard et al., 2006). Essiac® modifies the immune response (Seely et al., 2007). Treatment of isolated human T
cells from healthy donors with Essiac® significantly stimulated CD8+ cells, in a dose-dependent manner (Seely et al.,
2007). Modification of suppressed T cell function plays a
significant role in cancer treatment modalities (Knutson &
Disis, 2005), and enhancement of CD8+ activity by Essiac®
was considered as an interesting mechanism for further investigation of the purported anticancer effects of Essiac®
(Seely et al., 2007). In addition, Essiac® was also reported to
have a greater cytotoxicity for neoplastic cells than normal
cells (Ottenweller, Putt, Blumenthal, Dhawale, & Dhawale,
2004; Tai et al., 2004).
The Essiac® tea has been used in the treatment of cancer for over 80 years (Leonard et al., 2006) and it has
been used as an alternative medicine by some cancer patients (Tamayo et al., 2000). Essiac® is not used by breast
cancer patients only but also by patients suffering from
a variety of cancers (Fraser & Allen, 1977). Essiac® has
been shown to inhibit cell proliferation and induce differentiation in human prostate cancer cell lines (Ottenweller et al., 2004; Tai et al., 2004).
Several reports and studies have manipulated the effect
of the plants composing this mixture. A. lappa was used
as a complementary therapy among breast cancer survivors (Mills, Ernst, Singh, Ross, & Wilson, 2003) and it
had antitumor effects on pancreatic cancer cell lines
(Matsumoto, Hosono-Nishiyama, & Yamada, 2006). A.
lappa extract caused necrosis in solid tumors in mice
(Dombrádi & Földeák, 1965) and inhibited the effects of
known mutagens (Belkin & Fitzgerald, 1952). A. lappa
root contains polyphenols and flavonoids (e.g., quercetin) that have synergistic cytotoxic effects with certain
chemotherapeutic drugs, such as cisplatin (Scambia et al.,
1990). A. lappa and U. rubra roots contain tannin that is
an active phenolic compound (Duke, 1992; Tamayo et al.,
2000; Chan et al., 2010; Ferracane, Graziani, Gallo,
Fogliano, & Ritieni, 2010) that induces macrophage responses, inhibits tumor growth, and possesses
immuno-modulatory properties (Miyamoto et al., 1993).
Furthermore, A. lappa contains arctigenin that is a phenyl
propanoid dibenzyl butyrolactone lignan which has
antioxidant, anti-inflammatory, and antitumor activities
(Tamayo et al., 2000; Cho, Jang, Kim, & Kim, 2004;
Awale et al., 2006; Zhao, Wang, & Liu, 2009). Arctigenin has been reported to inhibit the growth of
leukocyte cancer cells (Matsumoto et al., 2006) and the
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proliferation of cancer cells by induction of apoptosis
(Matsumoto et al., 2006) or by cell cycle arrest (Hausott,
Greger, & Marian, 2003; Yoo et al., 2010; Jeong, Hong,
Jeong, & Koo, 2011), nitric oxide synthase, interleukin-6
(Zhao et al., 2009), interleukin-2, interferon gamma gene
expression in primary human T lymphocytes (Tsai et al.,
2011), and TNF-a production in macrophages (Cho et al.,
2004).
A. lappa root and R. palmatum contain relatively high
concentrations of flavones, anthraquinones, tannins, and
certain polysaccharides. These components have antioxidant, immunomodulatory, antimutagenic, and cytostatic effects (Kato, Ando, Tamura, & Arima, 1971;
Miyamoto et al., 1993; Yanagihara, Ito, Toge, &
Numoto, 1993; Wong, Leung, Fung, & Choy, 1994;
Liwen & Jiazhen, 2008; Predes, Ruiz, Carvalho, Foglio,
& Dolder, 2011).
U. fulva bark has been used as a folk medicine for
a wide variety of diseases (Cook, 1869; Felter and
Lloyd, 1905). U. fulva bark is rich in polysaccharides
(Beveridge, Stoddart, Szarek, & Jones, 1969), tannins,
and proanthocyanidins (Duke, 1992). U. rubra bark
extract contains procyanidin B1, catechin, epicatechin,
and procyanidin B2 (Saleem et al., 2009).
Slippery elm (U. rubra or U. fulva) contains high concentrations of fatty acids and fatty acid esters (Kaegi, 1998)
which have cytostatic activity and immuno-modulatory effect in cell systems and in animal studies (Kato et al., 1971;
Wong et al., 1994).
R. acetosella and R. palmatum contain emodin and
chrysophanic acid (Tamayo et al., 2000) which are
anthraquinone derivatives reported to have cytotoxic,
antitumorigenic, antioxidant properties, and immunosuppressive properties (Yim et al., 1999; Zhang, Lau,
Xia, Hortobagyi, & Hung, 1999; Süleyman, Demirezer,
Kuruüzüm-Uz, & Akçay, 2002; Tzeng, Lu, Liou, Chang,
& Liu, 2012). In addition, Rumex plants contain other
anthraquinones like physcion, aloe emodin, rhein, barbaloin, sennoside A, and sennoside B (Wegiera, Smolarz,
Wianowska, & Dawidowicz, 2007), and they all showed
various pharmacological properties, such as antitumor
(Kimura, Sumiyoshi, Taniguchi, & Baba, 2008), antimutagenic (Lee et al., 2005), and antioxidant activities
(Demirezer, Kuruüzüm-Uz, Bergere, Schiewe, & Zeeck,
2001).
Our results showed that S1PR1 mRNA expression in
lymphocytes decreased by 14.6-folds in the leukemic rats
(DMBA-treated) compared to the control rat group (carrier-treated). This decrease in S1PR1 expression has
been reduced to 7.9-folds in the leukemic rats after
treating them with the plant mixture. In other words,
compared to the leukemic rats, the plant mixture was
able to increase S1PR1 expression by 8.5-folds after
treating animals with the plant mixture.
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It is worthy to mention that mRNA levels are considered as correlative with S1PR1 expression at the protein
level, and in some types of cells, this correlation may not
be so strong; however, for all the studies done on S1PR1
in different kinds of cells, there were no reports indicating a discrepancy between S1PR1 expression at the
mRNA level and at the protein level. S1PR1 was strongly
expressed on small lymphocytes forming primary lymphoid follicles and the mantle zone in secondary lymphoid
follicles (Nishimura et al., 2010). S1PR1 plays a crucial
role in T- and B-lymphocyte trafficking and drives their
exit from the lymph nodes and thymus into the circulation (Cahalan et al., 2011; Borge et al., 2014). S1PR1 is
thought to regulate naive lymphocyte egress from the
lymph node via the lymphatic vessels by sealing the
lymphatic endothelial barrier and disallowing naive T
cell egress from lymph node and thymus (Alfonso,
McHeyzer-Williams, & Rosen, 2006; Sanna et al., 2006).
Egress is a more complex process than just sensing of
the ligand S1P (Cyster & Schwab, 2012) that is
present in high quantities in the lymph (Benechet
et al., 2016). Once lymphocytes reach circulation, the
surface expression of S1PR1 is rapidly downregulated
(Lo, Xu, Proia, & Cyster, 2005) as a result of the high
amounts of S1P in the lymph and blood (Pappu et al.,
2007).
S1P1 has been reported to be expressed in several
hematological malignancies including expression by classical Hodgkin’s lymphoma cells, B cell chronic lymphocytic leukemia, and activated B cell-like diffuse large
B cell lymphoma (Capitani et al., 2012; Liu et al., 2012; Kluk
et al., 2013). Expression of S1PR by blood cancer cells may
directly regulate their survival by controlling the
localization of cells within permissive environments such as
the lymph nodes (Blaho & Hla, 2014).
S1PR1 was found to be expressed at variable levels on
leukemic cells from chronic lymphocytic leukemia patients (Capitani et al., 2012). The expression of the
receptor was reduced by different signals that leukemic
cells may encounter within the microenvironment of
lymphoid tissues (Borge et al., 2014). It was suggested
that leukemic cells may reduce the expression of S1PR1
and may delay their egress into the circulation, extending their stay at survival niches (Borge et al., 2014).
S1P has been implicated in disorders such as cancer and
inflammatory diseases, and several agonists and antagonists have been developed and are in clinical trials that target S1PR1 (Kunkel et al., 2013). Examples of these drugs
include Fingolimod and phosphorylated Fingolimod
(S1PR1 agonist and functional antagonist) that inhibits
lymphocyte trafficking and decreases colitis and cancer
progression (Mandala et al., 2002; Brinkmann et al., 2010;
Lee et al., 2010; Liang et al., 2013), VPC44116 (S1PR1 antagonist) that decreases Hodgkin’s lymphoma (Kluk et al.,
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2013), and W146 (S1PR1 antagonist) that induces lymphopenia (Tarrason et al., 2011; Sanna et al., 2006). It is
possible that the plant mixture under study contains some
S1PR1 agonists/antagonists that regulate S1PR1 expression and the number of lymphocytes in the DMBAtreated rats.
Up to our knowledge and except for the apoptotic
effect of A. lappa on leukemic cell lines (Awale et al.,
2006), no studies have investigated the effect of this
plant mixture on leukemia in vivo. Our results further
support the previous reports about the anti-carcinogenic
effect of this plants’ mixture and attract attention to its
anti-leukemic activity.

Conclusions
The easy to prepare water extract of A. lappa, U. rubra,
and R. acetosella is able to ameliorate leukemia induced
experimentally in rats as evidenced in restoring the
normal total WBC, lymphocyte, and neutrophil counts
and the considerable decrease in the percentage of
blasts. Also, this mixture alleviated the downregulation
of sphingosine-1-phosphate receptor-1 associated with
leukemia. The previously claimed anti-carcinogenic effect of this plant mixture is further extended by this
study to the possible use in treating leukemia.
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