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ABSTRACT: Cancer is one of the most common reasons for mortality
worldwide. Leukemia as one type of cancer is a serious threat to human.
Although there are many synthetic drugs to treat leukemia, but the use of
them is limited due to a side effect, therefore there is a dire need to find a
promising solution. Herbs and their compound can be promising candidates
for control leukemia. In this study, we review new studies entitled role of
extracts of herbs to inhibit leukemia from 2014 to now. Our review study
showed that herbs have anticancer activities through cell proliferation
inhibition. This feature is due to induction of apoptosis and increase of free
radical formation in cancer cell. Finally, we suggest that need to special

attention to herbs in order to treat leukemia.

INTRODUCTION: Cancer is considered as the
main reason for mortality in developed and
developing countries due to changing in lifestyles
such as lack of exercise and physical activity,
smoking and consuming of fast food *. Leukemia
as one type of cancer is occurred due to
uncontrolled growth of abnormal white blood cells
and the inability of blood-forming cells to
differentiate into functional white blood cells so
that these cancer cell transport to another organ
such as lymph nodes, sg)leen and central nervous
system by bloodstream “ 2. It can be divided into
two types: acute or chronic with fast or slow
growing, respectively % Although, the Wnt
signaling is considered as a common pathway to
induce other hematological malignancies and solids
tumors it is one of the pathways involved in
leukemia development.
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Also, Notch and SHH pathways have a pivotal role
in developing leukemia . In 2012, it was diagnosed
about 13,780 new patients with leukemia,
interestingly; the mortality related to leukemia was
10,200 in the United States °. The National Cancer
Institute recently reported that it had been
diagnosed 52380 leukemia patients so that 3% of
all new cancer cases belonged to leukemia °.
According to finding obtained from several
European CML registries, the annual incidence of
chronic myeloid leukemia is 0.7-1.3/ 100,000 .

Oxidative stress followed by an imbalance in
reactive oxygen species (ROS) formation and
inactivity of their scavenging by antioxidant
defense systems has a prominent role in cancer
pathophysiology 8. Increase of free radical leads to
damage on macromolecule and ultimately increase
of  malondialdehyde,  dityrosine  formation,
aggregation of protein and DNA fragmentation ° .
Interestingly, it has been observed that ROS induce
uncontrolled proliferation due to genetic instability
during acute myeloid leukemia ** In
conjunction with the role of oxidative stress in a
relapse of acute myeloid leukemia, Zhou et al.,
2010 conducted a study on 102 patients with acute
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myeloid leukemia. The results revealed that levels
of advanced oxidation protein  products,
malondialdehyde and 8-hydroxydeoxyguanosine
and adenosine deaminase and xanthine oxidase
activities, as well as human thioredoxin (TRX) and
indoleamine 2, 3-dioxygenase mRNA levels, were
significantly high in relapse status. In contrast,
there was not showed reasonable results for
parameters such as activities of glutathione
peroxidase, monoamine oxidase, and superoxide
dismutase as well as level of total antioxidant
capacity (T-AOC) *.

Evaluation of oxidative stress condition in 80
children with acute lymphoblastic leukemia was
confirmed higher concentrations of plasmatic
thiobarbituric acid reactive substances (TBARS)
and serum protein carbonylation in these patients,
while they had lower levels of parameters such as
activities of whole blood catalase (CAT) and
superoxide dismutase (SOD) and concentration of
serum Vitamin E. Given that this studies, there is
continued oxidative stress in acute lymphoblastic
leukemia ™. The potential ability of cancer cells to
produce free radicals particularly O% is a promising
idea to treat cancer because their susceptibility to
injury induced by ROS-generating agents is higher
than the normal cell. Thus, this strategy is
considered as therapeutic selectivity *°.

Today, Use of traditional medicine to design new
drugs is a promising idea to treat diseases °.
Although there are many anticancer drugs, their use
is limited due to toxicity, side effect and non-
selective targets '’. Meanwhile, herbs have a
pivotal role in promoting health society caused by a
high demand by people in worldwide . In
association with leukemia, it has been reported that
herbs and their bioactive compound were served
for treatment of types of leukemia such as CML,
AML, lymphoid leukemia and hodgkin’s and non-
hodgkin’s lymphomas *® % %,

Also, natural products and plant extracts have been
investigated for their ability to protect against
radiation-induced toxicity 2. Based on belief of
scientists, many compounds identified from plants
are considered as anticancer drugs such as quinine,
salicylates ergotamine and digitalis. Furthermore,
plants are good source from the bioactive substance
with an anti-tumor activity that needs to evaluate
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their ability in this field *. Here, we reviewed the
role of extracts prepared from plants in the
treatment of a type of leukemia.

Review Method: This study aimed to review new
studies in association with the effect of extracts
prepared from plants to treat leukemia. We
collected related studies by searching keywords
such as “extract, herb, and leukemia,” “extract and
herb and apoptosis and leukemia treatment,” etc.
from databases web of science, PubMed and
Scopus since 2014 to now. Then, papers were read,
and their findings are written.

RESULTS: Given that oil extract obtained from
Argania spinosa has an anti-proliferative effect
against T-cell acute lymphoblastic leukemia human
after its treatment into cell lines including
JURKAT, MOLT3, and DNDA41; therefore, it can
be a new useful treatment for acute lymphoblastic
leukemia. This study was showed that this extract
leads to growth inhibition of mentioned cell lines
and obvious reduction of mRNA level and activity
of ERK1/2 and Notchl intracellular domain, as
proliferation-related proteins .

Probably, Albizia zygia is a potent anticancer herb
because incubation of its aqueous and hydro-
ethanolic extracts inhibits cell growth in Jurkat
cells. Interestingly, its hydroethanolic extract
results in prominent cell morphological changes
and increase of DNA fragmentation due to
induction of apoptosis in Jurkat cells %. It has been
suggested that Moringa oleifera Lam is a candidate
plant to treat leukemia due to inhibition of cell
proliferation subsequently its incubation into K562
cell line. They were showed that crude ethanolic
extract prepared from Moringa oleifera Lam
decreases WT1 protein level and has anti-
proliferation property . In a study, it has been
found that besides inhibition of cell growth in the
Jurkat cell line, it had good stability.

Therefore, it could be considered as a promising
therapy against leukemia cancer cells %°. Souid et
al., 2016 showed that incubation of K562 cells by
dehydrated aqueous extract obtained from Allium
roseum results in inhibition of cell viability (by
BCR-ABL  kinase  dephosphorylation  and
interference in ERKL1/2, Akt, and STAT5
pathways), FOXO3 transcription factor activation
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(through Akt Kkinase inactivation). It also could
improve the expression pattern of FOXO3-
regulated proapoptotic effectors, Bim and Bax, and
cell cycle inhibitor p27 and abrogate vascular
endothelial growth factor secretion. Indeed, given
that these finding should be special attention to this
herb due to its anticancer property %.

A research group was incubated HL-60 (human
promyelocytic leukemia) cell line with aqueous
extracts of Morinda lucida and Taraxacum
officinale. The results showed that both extracts is
cytotoxic against HL-60 due to proliferation
inhibition through reduction of cell viability and
apoptosis induction through the increase of DNA
fragmentation and changing of cell morphology ?’.
Examination on antileukemic effects related to
dimethyl sulfoxide extract prepared from Withania
somnifera was revealed its cytotoxic and genotoxic
activity against human T-lymphoblastoid cell line.
Indeed, it has been demonstrated that this extract
increases intracellular Ca** accumulation and
reactive oxygen species formation as well as
induces apoptosis, so that leads to immunogenic
cell death (ICD) %.

Study of the effect of different extracts obtained
from Urtica dioica on acute myelogenous leukemia
was showed that chloroform has strongest effect in
reduction of cell viability according to MTT assay
on KG-1 cell line. Also, both chloroform and ethyl
acetate induced apoptotic pathway based on Flow
cytometric analysis. Generally, this study revealed
that Urtica dioica is a potential therapeutic source
to overcome leukemia ¥. Tawil et al., 2015
reported that incubation of Daucus carota oil
extract into several acute myeloid leukemia (AML)
cell lines result in apoptosis induction.
Interestingly, cytotoxicity related to oil extract was
diminished after MAPK pathway inhibition;
therefore the anticancer effect of Daucus carota is
involved in MAPK pathway .

A study conducted by Fan et al., 2015 confirmed
anticancer activity ethanol extract of Meconopsis
horridula Hook so that it could induce cytotoxicity
in L1210 cell line. This effect was through obvious
alteration in cell morphology, increase of DNA
fragmentation, apoptosis induction and arresting of
G2/M related to the cell cycle. Given that this
extract had a potential effect of producing reactive
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oxygen species, thus induction of oxidative stress
has a central role in association with the antitumor
property of Meconopsis horridula Hook *!. Given
that deficiency of apoptosis is main reason
resistance to chemotherapy during B cell chronic
lymphocytic leukemia (B CLL), Alhosin et al.,
2015 conducted a study about the apoptotic effect
of anthocyanin-rich dietary (Vaccinium myrtillus)
bilberry extract on B CLL cells obtained from
thirty patients. The results indicated that this extract
leads to caspase 3 activation and down-regulation
of Bcl-2 and UHRF1 (rapid dephosphorylation of
Akt and Bad).

Also, it had a prominent effect on the increase of
reactive oxygen species level. Moreover, when
PEG-catalase was incubated to B CLL cells, the
apoptosis induced by extract and its related
signaling diminished that confirm the effect of the
extract on apoptosis induction in B CLL cells *.
Lepidium sativum is one of the herbs that
considered as an antitumor plant because its hydro-
alcoholic extract incubation to K562 cells leads to
obvious cytotoxic effect based on the evaluation of
cell viability by MTT test **. For determination of
mechanisms related to anti-cancer activity of
Punica granatum (pomegranate) against K562 cell
line (chronic myeloid leukemia (CML) cells) was
done a study by Asmaa et al., 2015.

According to findings related to this study, this
extract leads to either cell cycle arresting or
apoptosis induction through inhibition of G2/M
phase, increase of p21 and p53 levels and up-
regulation of caspases and cytochrome c,
respectively **. Given that chemotherapy and
radiation lead to damage to normal cell during
treatment of acute myeloid leukemia; thus they
consider as non-selective therapies to overcome
leukemia. Also, there is a dire requirement to find a
new anticancer drug; for example, Myrothamnus
flabellifolius could be a promising candidate for
this purpose. Indeed, it has been reported that
methanol extract of Myrothamnus flabellifolius has
cytotoxic effect in HL-60 cell line and reduces cell
viability by induction of caspase-7 cleavage *.

Basella alba considers as a natural edible source
with antitumor activity so that its methanol extract
results in a reduction of cell viability and changing
of cell morphology. Also, MTT assay confirmed its
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cytotoxic effect against U937 cell line, and it also
could induce apoptosis in this cell line %. It has well
been demonstrated that treatment of HL-60 cell line
by ethanol extract prepared from orange (Citrus
aurantium) leads to cell viability inhibition. Based
on WST assay, this extract had cytotoxic activity
and based on agarose gel electrophoresis; it was
confirmed DNA fragmentation followed by
treatment. This study indicated that orange has the
potential ability to reduce cancer cell *.

In 2014, Assadollahi et al., suggested that aqueous
extract related to Cinnamon zeylanicum has a
prominent effect in the reduction of human
myelocytic leukemia by induction of apoptosis. In
other words, they found that incubation of THP-1
cell line with mentioned extract increases
Apoptotic cells after determination of Hoechst
33342 staining. Moreover, flow cytometry and
MTT assay confirmed cell cycle arresting and
inhibition of cell proliferation. Finally, this study
introduced a potential anticancer source that needs
to perform more investigations in further studies *'.

Investigation of anticancer activity related to
Zanthoxylum heitzii was confirmed that it has
antiproliferative effect in HL-60 cells treated by
ethanol extract of Zanthoxylum heitzii. This study
also revealed that mechanisms related to the
antitumor activity of this extract are obvious
increase of reactive oxygen species (ROS),
disturbance of mitochondrial membrane potential
(MMP), DNA fragmentation and cell cycle arrest in
G1/G0 phase *®. Jantova et al., 2014 reported that
ethanol extract of Salvia officinalis has cytotoxic
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and anti-proliferative properties after its treatment
in leukemia L1210 cell line. Interestingly, it
induced apoptosis through a pathway related to
mitochondrial /caspase *.

Samet et al., 2014 found that ethanol extract of
olive (Olea europaea) has a potential effect in
inhibition of cell growth of K562 cell line. The
evaluation of related mechanism was revealed that
this extract leads to cells proliferation inhibition,
cell cycle arresting (at GO/G1, and then at G2/M
phase) and induction of apoptosis. Besides,
microarray analysis confirmed high expression of
genes related to K562 cells differentiation to
monocyte / macrophage lineage (IFI16, EGR1,
NFYA, FOXP1, CXCL2, CXCL3, and CXCLS8) “.
In an experiment, it has been indicated that
reduction of living cells number, induction of
apoptosis occur in Jurkat cell line incubated by
ethanol extract of Convolvulus arvensis.

Indeed, this study confirms that Convolvulus
arvensis has potential anti-cancer activity against
leukemia cells **. Evaluation of the role of n-
hexane extract of Cichorium intybus in treatment of
leukemia confirmed that its treatment is effective in
the reduction of cell viability and induction of
apoptosis in Jurkat cells as a cell line related to
human leukemia 2. Moreover, it has been shown
that reduction of mitochondrial outer membrane
permeability and nuclear translocation of
apoptosis-inducing factor, induction of LC3-I
cleavage result from treatment with leaf extract
obtained from Azadirachta indica.

TABLE 1: SUMMARIZE OF TREATMENT OF LEUKEMIA BY EXTRACTS OF HERBS

Plant Extract Animal model/cell line Result(s) References
Argania Qil Three T-ALL cell lines To have anti-proliferative effects due 22
spinosa (JURKAT, MOLTS3, and to inactivation and expression

DNDA41) reduction of ERK1/2 and Notchl
Albizia Aqueous and JURKAT To have cytotoxic effects in both 23
zygia hydroethanolic cell line extract, apoptosis induction by
hydroethanolic extract
Moringa oleifera Ethanolic K562 cell line Reduction of WT1 protein 24
Solanum WEm Labrasol- JURKAT To have an anti-proliferative effect 25
aethiopicum crude extract cell line and good stability
Allium roseum Dehydrated K562 Inhibition of cell viability and VEGF 26
aqueous cell line secretion, arresting of the cell cycle in
molecular level
Morinda lucida Aqueous HL-60 Reduction of proliferation, 27
Taraxacum cell line induction of
officinale apoptosis
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Withania Dimethyl Human T-lymphoblastoid cell Increase of intracellular Ca™ 28
somnifera sulfoxide line accumulation and ROS level
Urtica Aqueous, hydro- KG-1 Chloroform extract; most effective to 29
dioica alcoholic, cell line reduce cell viability, induction of
chloroform, ethyl apoptosis by chloroform and ethyl
acetate acetate
Daucus Qil AML cell lines (HL60, U937, To have apoptotic and 30
carota ML1, ML2, Mono-Mac-1, cytotoxic effects probably
Mono-Mac-6, KG-1, MV-4- by the MAPK
11, TF1-vRaf, TF1-vSrc and pathway
TF1-HaRas )
Meconopsis Ethanol L1210 cell line Induction of apoptosis and inhibition 31
horridula Hook of cell cycle by an increase of
oxidative stress
Vaccinium myrtillus  Anthocyanin-rich B CLL cell obtained from Induction of apoptosis and oxidative 32
dietary extract patients stress
Lepidium Sativum Hydro-alcoholic K562 cell line To have a cytotoxic effect 33
Punica granatum Ethanol K562 Inhibition of proliferation and 34
cell line induction of apoptosis
Myrothamnus Methanol HL-60 To have an apoptotic effect by 35
flabellifolius cell line induction of caspase-7 cleavage
Basella Methanol U937 Cell viability reduction, cell 3
alba cell line morphology changing, to have
cytotoxic and apoptotic effects
Citrus Ethanol HL-60 Cell viability inhibition, to have 36
aurantium cell line cytotoxic activity DNA fragmentation
increase
Cinnamon Agueous THP-1 induction of apoptosis, anti- 37
zeylanicum proliferative effect, inhibition of cell
cycle
Zanthoxylum Methanol HL-60 cell line ROS levels increase, MMP 38
heitzii disturbance, DNA fragmentation, and
G1/GO0 phase arresting
Salvia Ethanol L1210 cell line Cytotoxic activity and reduction of 39
officinalis cell proliferation by induction of
apoptosis
Olea K562 Cells Cell cycle arresting, apoptosis 40
europaea induction and K562 cell line
differentiation to monocyte/
macrophage lineage
Convolvulus Ethanol JURKAT cell line Cell viability reduction, apoptosis 41
arvensis induction
Cichorium n-hexane JURKAT cell line Reduction of living cell number and 42
intybus apoptotic activity
Azadirachta Extract related to PBMC obtained Reduction of mitochondrial outer 43
indica its leaf from patients membrane permeability, factors
with CLL related to apoptosis as well as Bcl-2
and p53 proteins
Mentha pulegium Hydro-alcoholic K562 cell line Reduction of cell viability 44
Thymus vulgaris L. Ethanol leukemia THP-1 To have a cytotoxic effect in both 45
Origanum cell line extracts, Thymus vulgaris L. is safer
syriacum L. than Origanum syriacum L. due to

selective therapeutic activity

T-ALL: T-cell acute lymphoblastic leukemia human; VEGF: vascular endothelial growth factor; ROS: reactive oxygen species; AML: acute
myeloid leukemia; B CLL: B cell chronic lymphocytic leukemia; MMP: mitochondrial membrane potential; PBMC: peripheral blood
mononuclear cell
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FIG. 1: SCHEMATIC PLAN OF EFFECTS RELATED TO HERBS EXTRACT IN REDUCTION OF CELL VIABILITY

Also, according to biochemical tests, this extract
diminished BCI-2 and p53 proteins. Given that
anti-tumor activity of this plant, it can be a
promising treatment for patients with CLL (B cell
chronic lymphocytic leukemia) *. To find a useful
treatment against chronic myeloid leukemia was
evaluated the effect of hydro-alcoholic extract
prepared from Mentha pulegium on K562 cell line.
At the end of the study, it was found promising
cytotoxic effect by this extract so that it
significantly reduced cell viability **.

Comparison of effect of two herbs (Thymus
vulgaris Linn. and Origanum syriacum Linn.)
against THP-1 leukemia cell line was revealed that
both they have similar ability to reduce cell
viability. In association with their effects on
peripheral blood mononuclear cell (PBMC) was
demonstrated that Origanum syriacum Linn. has a
more potent effect against PBMC but Thymus
vulgaris L. leads to selective moderation. Based on
findings of this study, given that Thymus vulgaris
Linn. has selective therapeutic activity, therefore,
its anticancer properties more than Origanum
syriacum Linn. %

CONCLUSION: Here, we reviewed the role of
plants in the treatment of leukemia based on their
evaluations on different cell lines, animal models
and cancer cells obtained from patients. In these
studies, extracts prepared from plants had
anticancer activity and leads to a reduction of cell
viability Fig. 1. Induction of apoptosis was main
mechanism to reduce cell viability through the
increase of caspases activities, increase of
intracellular Ca?*, disturbance of mitochondrial
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membrane potential (MMP), reduction of
mitochondrial outer membrane permeability,
cytochrome ¢ releasing and increase of BCI-2
protein level. In most studies, induction of
apoptosis was confirmed by cell morphology
changing and DNA fragmentation.

Meanwhile, It should be noted this point that the
main factor to induce apoptosis was imbalance
oxidant-antioxidant by an increase of reactive
oxygen species (ROS) levels and free radical
formation. Cancer cells have potential effect for
growth; therefore; strategies related to cell growth
inhibition can be helpful to treat leukemia. Here,
we found treatment with extracts inhibit cell
proliferation by mechanism involved to cell cycles
such as arresting of G1/G0 and G2/M phases. Also,
some extract involved in MAPK pathway and
moderation of p53 protein level.

Interestingly, according to finding obtained from
microarray analysis, during anticancer activity
related to olive occurred high expression of genes
related to K562 cells differentiation to monocyte/
macrophage lineage (IFI16, EGR1, NFYA,
FOXP1, CXCL2, CXCL3, and CXCL8) that can be
considered as an alternative strategy rather than
other extracts. However, here it was confirmed that
herbs have anticancer property but a treatment
when is promising that performs as selective.
Although these extracts had potential effects to
reduce cancer cells but it was not examined
selective treatment ability except for few cases.
Finally, we suggest that should evaluate further
studies to understand their ability as a selective
treatment.

79



Hassanpour and Karami, 1JP, 2018; Vol. 5(2): 74-81.

ACKNOWLEDGEMENT: Me acknowledgement
and gratefulness at the beginning and at last is to
God who gave us the gift of the mind. The author
thanks Young Researchers and Elite Club, Yasooj
Branch, Islamic Azad University due to
cooperation in this study.

CONFLICT OF INTEREST: The author declares
that there is no conflict of interest regarding this
study.

REFERENCES:

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E and
Forman D: Global cancer statistics. CA: a Cancer Journal
for Clinicians 2011; 61(2): 69-90.

2. Petrie K, Zelent A and Waxman S: Differentiation therapy
of acute myeloid leukemia: past, present and future.
Current Opinion in Hematology 2009; 16(2): 84-91.

3. Pal K: Cell growth inhibition and apoptosis by extract of
B. alba plant on U937 cells. World Journal of Pharmacy
and Pharmaceutical Sciences 2016; 5(1): 1251-61.

4. Kamga PT and Kamdje AHN: Signaling pathways in
leukemia: Any role for medicinal plants in leukemia
therapy. Journal of Diseases and Medicinal Plants 2015;
1(5): 76-9.

5. Siegel R, Naishadham D and Jemal A: Cancer statistics,
2012. CA: A Cancer Journal for Clinicians 2012; 62(1):
10-29.

6. Spore B. National Cancer Institute. 2014.

7. Hoéglund M, Sandin F and Simonsson B: Epidemiology of
chronic myeloid leukemia. Chronic myeloid leukemia:
Springer 2016; 99-110.

8. Valko M, Rhodes C, Moncol J, Izakovic M and Mazur M:
Free radicals, metals and antioxidants in oxidative stress-
induced cancer. Chemico-Biological Interactions 2006;
160(1): 1-40.

9. Shanmugam N, Figarola JL, Li Y, Swiderski PM, Rahbar
S and Natarajan R: Pro-inflammatory effects of advanced
lipoxidation end products in monocytes. Diabetes 2008;
57(4): 879-88.

10. Selmeci L, Seres L, So6s P, Székely M and Acsady G:
Kinetic assay for the determination of the oxidative stress
biomarker, advanced oxidation protein products (AOPP) in
the human blood plasma. Acta Physiologica Hungarica.
2008; 95(2): 209-18.

11. Zhou F, Zhang W, Wei Y, Zhou D, Su Z and Meng X: The
changes of oxidative stress and human 8-hydroxyguanine
glycosylasel gene expression in depressive patients with
acute leukemia. Leukemia Research 2007; 31(3): 387-93.

12. Austin C: Does oxidative damage contribute to the
generation of leukemia? Leukemia Research 2009; 33(10):
1297.

13. Battisti V, Maders LD, Bagatini MD, Santos KF,
Spanevello RM and Maldonado PA: Measurement of
oxidative stress and antioxidant status in acute
lymphoblastic leukemia patients. Clinical Biochemistry
2008; 41(7): 511-8.

14. Zhou FL, Zhang WG, Wei YC, Meng S, Bai GG and
Wang BY: Involvement of oxidative stress in the relapse
of acute myeloid leukemia. Journal of Biological
Chemistry 2010; 285(20): 15010-5.

15. Hileman EO, Liu J, Albitar M, Keating MJ and Huang P:
Intrinsic oxidative stress in cancer cells: a biochemical

International Journal of Pharmacognosy

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

basis for therapeutic selectivity. Cancer Chemotherapy and
Pharmacology. 2004; 53(3): 209-19.

Mule SN, Patil SB, Naikwade NS and Magdum CS:
Evaluation of anti-nociceptive and anti-inflammatory
activity of stems of Gynandropsis pentaphylla Linn.
International Journal of Green Pharmacy (IJGP) 2008;
2(2): 87-90.

Houghton P, Fang R, Techatanawat I, Steventon G,
Hylands PJ and Lee C: The sulphorhodamine (SRB) assay
and other approaches to testing plant extracts and derived
compounds for activities related to reputed anticancer
activity. Methods 2007; 42(4): 377-87.

Ramkumar K, Manjula C, Elango B, Krishnamurthi K,
Saravana Devi S and Rajaguru P: In-vitro cytotoxicity of
Gymnema montanum in human leukaemia HL-60 cells;
induction of apoptosis by mitochondrial membrane
potential collapse. Cell Proliferation 2013; 46(3): 263-71.
Omoregie SN, Omoruyi FO, Wright VF, Jones L and
Zimba PV: Anti-proliferative activities of lesser galangal
(Alpinia officinarum Hance Jam), turmeric (Curcuma
longa L.), and ginger (Zingiber officinale Rosc.) against
acute monocytic leukemia. Journal of Medicinal Food
2013; 16(7): 647-55.

Asmaa M, Al-Jamal H, Ang CY, Asan JM, Seeni A and
Johan MF: Apoptosis induction in MV4-11 and K562
human leukemic cells by Pereskia sacharosa (Cactaceae)
leaf crude extract. Asian Pac J Cancer Prev 2014; 15: 475-
81.

Kma L: Plant extracts and plant-derived compounds:
promising players in a countermeasure strategy against
radiological exposure. Asian Pacific Journal of Cancer
Prevention: APJCP 2013; 15(6): 2405-25.

Aribi B, Zerizer S, Kabouche Z, Screpanti | and Palermo
R: Effect of Argania spinosa oil extract on proliferation
and Notchl and ERKZ1/2 signaling of T-cell acute
lymphoblastic leukemia cell lines. Food and Agricultural
Immunology 2016; 27(3): 350-7.

Appiah-opong R, Asante IK, Safo DO, Tuffour I, Ofori-
attah E and Uto T: Cytotoxic effects of Albizia zygia (DC)
JF Macbr, a ghanaian medicinal plant, against human t-
lymphoblast-like leukemia, prostate and breast cancer cell
lines. International Journal of Pharmacy and
Pharmaceutical Sciences 2016; 8(5): 392-6.

Semsri S, Anuchapreeda S and Janwitayanuchit W:
Inhibitory effects of crude ethanolic leave extract from
Moringa oleifera Lam. on Wilms’ tumor 1 protein
expression in K562 leukemic cell line. Bulletin of Chiang
Mai Associated Medical Sciences 2016; 49(1): 53.
Christian KK, Anatolievha SE, Akhanovna PM-BJ and
Yves-Alain PB: Extract-based microemulsion formulation
with Solanum aethiopicum peduncle: characterization by
DLS, relative humidity and FO anti-proliferative effect on
leukemia cancer cells. 2016.

Souid S, Najjaa H, Riahi-Chebbi I, Haoues M, Neffati M
and Arnault I: Allium roseum Linn. Extract exerts potent
suppressive activities on chronic myeloid leukemia K562
cell viability through the inhibition of BCR-ABL,
PI3K/Akt, and ERK1/2 Pathways and the Abrogation of
VEGEF Secretion. Nutrition and Cancer 2016; 1-14.
Appiah-Opong R, Tuffour 1, Annor GK, Doris A,
Blankson-Darku PC and Kissi-Twum AA: anti-
proliferative, antioxidant activities and apoptosis induction
by Morinda lucida and Taraxacum officinale in human
HL-60 leukemia cells. Journal of Global Biosciences.
2016; 5(7): 4281-91.

Turrini E, Calcabrini C, Sestili P, Catanzaro E, de Gianni
E and Diaz AR: Withania somnifera induces cytotoxic and

80



Hassanpour and Karami, 1JP, 2018; Vol. 5(2): 74-81.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cytostatic effects on human t-leukemia cells. Toxins 2016;
8(5): 147.

Keshavarz S, Ardekani MRS, Safavi M, Chahardouli B
and Nadali F: In-vitro cytotoxic effect of Urtica dioica
extracts on acute myelogenous leukemia cell line (KG-1).
Archives of Medical Laboratory Sciences 2016; 2(1): 12-
18.

Tawil M, Bekdash A, Mroueh M, Daher CF and Abi-
Habib RJ: Wild carrot oil extract is selectively cytotoxic to
human acute myeloid leukemia cells. Asian Pac J Cancer
Prev. 2015; 16: 761-7.

Fan J, Wang Y, Wang X, Wang P, Tang W and Yuan W:
The antitumor activity of Meconopsis horridula Hook, a
traditional Tibetan medical plant, in murine leukemia
L1210 cells. Cellular Physiology and Biochemistry 2015;
37(3): 1055-65.

Alhosin M, Leon-Gonzalez AJ, Dandache I, Lelay A,
Rashid SK and Kevers C: Bilberry extract (Antho 50)
selectively induces redox-sensitive caspase 3-related
apoptosis in chronic lymphocytic leukemia cells by
targeting the BCI-2/Bad pathway. Scientific Reports 2015;
05.

Aslani E, Naghsh N and Ranjbar M: Cytotoxic effects of
hydro-alcoholic extracts of cress (Lepidium sativum)-made
from different stages of the plant-on k562 leukemia cell
line. Hormozgan Med J 2015; 18: 411-9.

Asmaa MJS, Ali A-JH, Farid JM and Azman S: Growth
inhibitory effects of crude pomegranate peel extract on
chronic myeloid leukemia, K562 cells. International
Journal of Applied and Basic Medical Research 2015;
5(2): 100.

Badiab A, Dhillon J, Nabbie F and Peethambaran B:
Selective cytotoxicity and mechanism of Myrothamnus
flabellifolius, an edible medicinal plant, on acute myeloid
leukemia cells. Cancer Research 2015; 75(15-S): 3802.
Diab KA, Shafik RE and Yasuda S: In-vitro antioxidant
and antiproliferative activities of novel orange peel extract
and it’s fractions on leukemia HL-60 Cells. Asian Pacific
Journal of Cancer Prevention 2015; 16(16): 7053-60.
Assadollahi V, Gholami M and Zendedel A: C. zeylanicum
aqueous extract induced apoptosis in the human

38.

39.

40.

41.

42,

43.

44,

45.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

myelocytic leukemia cell line (THP-1). Bratislavske
Lekarske Listy 2014; 116(2): 132-5.

Pieme CA, Santosh GK, Tekwu EM, Askun T, Aydeniz H
and Ngogang JY: Fruits and barks extracts of Zanthoxylum
heitzii a spice from cameroon induce mitochondrial-
dependent apoptosis and Go/G1 phase arrest in human
leukemia HL-60 cells. Biological Research 2014; 47(1): 1.
Jantova S, Hudec R, Sekretar S, Kucerdk J and MeluSova
M: Salvia officinalis Linn. extract and its new food
antioxidant formulations induce apoptosis through
mitochondrial/caspase pathway in leukemia L1210 cells.
Interdisciplinary Toxicology 2014; 7(3): 146-53.

Samet I, Han J, Jlaiel L, Sayadi S, Isoda H: Olive (Olea
europaea) leaf extract induces apoptosis and monocyte/
macrophage differentiation in human chronic myelogenous
leukemia k562 cells: Insight into the underlying
mechanism. Oxidative Medicine and Cellular Longevity
2014, 927619.

Saleem M, Qadir MI, Ahmad B, Saleem U, Naseer F and
Schini-Kerth V: Cytotoxic effect of ethanol extract of
Convolvulus arvensis Linn. (Convolvulaceae) on
lymphoblastic leukemia Jurkat cells. Tropical Journal of
Pharmaceutical Research 2014; 13(5): 705-9.

Saleem M, Abbas K, Naseer F, Ahmad M, Javed F,
Hussain K: Anticancer activity of n-hexane extract of
Cichorium intybus on lymphaoblastic leukemia cells (jurkat
cells). African Journal of Plant Science 2014; 8(6): 315-9.

Chitta KS, Khan ANH, Ersing N, Swaika A, Masood A
and Paulus A: Neem leaf extract induces cell death by
apoptosis and autophagy in B-chronic lymphocytic
leukemia cells. Leukemia and Lymphoma 2014; 55(3):
652-61.

Aslani E, Naghsh N and Ranjbar M: Cytotoxic effect of
hydroalcoholic extract of Mentha pulegium before
flowering on k562 leukemia cell line. J Arak Uni Med Sci
2014; 16(10): 1-10.

Ayesh BM, Abed AA and Doa’a MF: In-vitro inhibition of
human leukemia THP-1 cells by Origanum syriacum L.
and Thymus vulgaris Linn. extracts. BMC research notes.
2014; 7(1): 612.

How to cite this article:
Hassanpour SH and Karami SZ: The role of plant extracts in the treatment of leukemia types. Int J Pharmacognosy 2018; 5(2): 74-81. doi
link: http://dx.doi.org/10.13040/1JPSR.0975-8232.1JP.5(2).74-81.

This Journal licensed under a Creative Commons Attribution-Non-commercial-Share Alike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmacognosy

81




