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Abstract
While chemotherapy remains to be one of the main using approaches in the
clinical treatment of acute myeloid leukemia (AML), multidrug resistance
(MDR) is considered the major obstacle that limits the therapeutic efficacy.
Nowadays, Herbal therapy as an adjuvant therapy has been used for many
health problems. Ginger (Zingiber officinale) is considering one of the promising herbal spices showing high therapeutic and preventive effects against
many disorders specially cancer. In the current work, we focused on the role of
ginger crude extract in fighting drug resistant AML. MTT assay showed a significant decrease in cell viability and clear cytotoxic effect on HL60/ADR and
HL60 cell under the high concentrations (100 and 1000 μg/Ml) of ginger extract. The flow cytometry results showed a significant apoptotic cell death by
ginger in HL60 and ADR/Hl60 and also confirmed by immunostaining of
nucleus by DAPI which showed apoptotic nuclei. Our data clearly declared
that the high concentration of ginger extract is promising anticancer drug by
induction of apoptotic cell death in HL60/ADR cells especially in drug
resistant AML.
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1. Introduction
Acute myeloid leukemia (AML) is one of the most complex diseases associated
with abnormal differentiation and high cellular proliferative rate of hematopoietic stem cells [1]. Many of current clinical treatment approaches as chemotheraDOI: 10.4236/abc.2019.93008
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peutic drugs, immune-based therapeutics, radiation and stem cell transplantation are associated with incomplete recovery and many side effects [2]. In AML
patients, developing multiple drug resistance (MDR) is the major challenge
changes in successful treatment of AML patients with chemotherapy [1] [3].
Many of experimental cell lines treated with cytotoxic drugs such as colchicine,
Actinomycin and Adriamycin are normally developed resistance to the selecting
agent [4] [5]. The developing of the multidrug resistance occurs because of
decline of the intracellular accumulation of the drugs in these cancer cells after a
period of drug administration, which subsequently related to an enhanced drug
efflux system [6]. ATP-binding cassette (ABC) transporters such as P-glycoprotein
(P-gp) and MRP1 mediate the active drug efflux system [7] [8].
Recently, completely food-based therapeutics as using herbal food is categorized as Natural Medicines (NMs) in prevention and treatment of chronic diseases like cancer. Herbal medicine is one of the most commonly used complementary and alternative therapies by cancer people [9] [10]. Ginger, a common
natural herb, widely consumed all over the world as a spice. Ginger has a high
medical value due to the presence of phenolic compounds as shogaols, gingerols, paradols, gingerdiones and many other bioactive compounds [11] [12].
Many published data proved that all of the phenolic gradients of ginger as
6-gingerol (6 G), 8-gingerol (8 G), 10-gingerol (10 G) and 6-shogaol (6 S) are
the most abundant bioactive constituents of the crude ginger extract that exert
a variety of therapeutic and preventive effects’ properties as anti-proliferative,
anti-inflammatory, anti-oxidative and anti-tumor effects’ properties [11]-[19].
The present work focused on the effect of the crude water extract of ginger on
drug resistant acute myeloid leukemia cells and the way by which ginger can induce leukemic cells’ death.

2. Materials and Methods
2.1. Chemicals
RPMI growth medium, fetal bovine serum (FBS) and antibiotic mix (Penicillin/Streptomycin) were bought from Gibco (Invitrogen, CA, USA). MTT (3-[4,
5-dimethyl-2-thiazolyl]-2,5-diphenyl-2H tetrazolium bromide), trypane blue,
Annexin-V-FLUOS Staining Kitand7-Aminoactinomycin D Ready Made Solution (7AAD) were purchased from Sigma (St. Louis, MO, USA).

2.2. Preparation of Ginger Crude Extract
Collection of Plant Part
Ginger plant part was purchased from the local market. Rhizome was first
washed under running tap water then by ultrapure water, air-dried and then
powdered with the help of sterilized pestle and mortar. Ginger powder was
stored in airtight bottles and subjected to the aqueous extraction procedures
[20]. Aqueous decoction of air-dried powder of ginger rhizome was prepared by
weighting (10 g) and boiled in 400 ml ultrapure water till one-fourth of the exDOI: 10.4236/abc.2019.93008
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tract initially taken was left behind after evaporation. The remaining solution
was then filtered using muslin cloth and the filtrate subjected to centrifugation at
5000 rpm for 15 min. The supernatant was again filtered with Whatman Filter
No. 1 under strict aseptic conditions and the filtrate was collected in fresh sterilized bottles, prepares our concentrations, and stored at 4˚C until use.

2.3. Cell Lines
Acute human myeloid leukemia (AML) HL60 and HL60/ADR cell lines were
obtained from ATCC (American Tissue Culture Collection). HL60 and HL60/ADR
cells were maintained in RPMI cell culturemedium containing 10% inactivated
FBS (fetal bovine serum) and provided with 1% penicilin/streptomycin and incubated in 37˚C and 5% CO2 in humid conditions for the following experiments.

2.4. Cell Proliferation Assay
To study the cell growth rate in HL60 and HL60/ADR cells, both HL60 and
HL60/ADR cells were cultured in RPMI provided with 10% FBS and 1% penicilin/streptomycin at initial cell number (2 × 105 cell/Ml) and incubated for (24, 48
and 72 Hrs.). Viable cells were detected by trypane blue dye exclusion method.

2.5. MTT Cell Viability Assay
The cytotoxic effect of Adriamycin and ginger crude extract on the HL60 and
HL60/ADR cells viability and toxicity were investigated using MTT cell viability
assay as previously described [21]. In brief, a number of 2 × 104 cells/well were
cultured in 96-well plates, then the drugs (Adriamycin and ginger extract) were
added to the cells at the indicated concentrations, negative control was included,
and then the cells were incubated for 12 and 24 hrs. Next, fifty µl of MTT solution (2 mg/ml of MTT in PBS) were added to each well and left for 3 - 4 hrs and
then the supernatants were removed carefully and 150 µl DMSO were added to
each well. Then, 96-well plates was shaken for 10 minutes and then were read at
A570 with reference filter at A650 using Elisa plate reader.

2.6. Apoptosis and Necrosis Using FACS Analysis
The apoptotic and necrotic cell death by Ginger extract and Adriamycin were
studied using Annexin V and 7AAD. In brief, HL60 and HL60/ADR cells were
cultured in 10 tissue culture dish with initial number 4 × 105 cell/Ml in RPMI
growth media and treated with ginger extract at concentration (100 and 1000
µg/Ml) and incubated in CO2 incubator for 24 Hrs. Briefly, the cells washed once
with PBS and suspended in 100 µL 1X Annexin v binding buffer and add 5 µL
FITC Annexin v and 5 µL of 7AAD to each tube and incubate for 15 minutes at
RT. Finally, add 400 µL of 1X Annexinv binding buffer to each tube and analyze
by flow cytometer.

2.7. Immunocytochemistry
HL60/ADR/HL60 cells were cultured in RPMI growth medium containing 1
DOI: 10.4236/abc.2019.93008
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mg/ml of ginger crude extract for 24 Hrs. Cells were attached on the glass slides
using thecytospin and fixed with 2% PFA for 10 minutes at 4˚C. Then, cells were
permeabilized with 50 µg/mL digitonin for 10 minutes at room temperature
(RT). After washing twice with PBS, nuclei were stained with DAPI for 20 minutes at RT. Images were obtained with confocal microscopy.

2.8. Western Blot Analysis
The effect of ginger crude extract treatment with the indicated concentration
on the apoptotic cell death was investigated in HL60/ADR cells using western
blot analysis. The cells were treated with (0.00, 50, 100 and 1000 µg/Ml) of
coumarinand combined with doxorubicin (100 ng/Ml) and incubated for 24 hrs.
After treatment, Cells were harvested in a proper amount of RIPA buffer and
collected in eppendorf tubes and left for 10 min. on ice with regular vortexing.
Then the tubed were centrifuged at 12,000 rpm for 20 minutes at 4˚C. The supernatants were transferred to another eppendorf and kept at −80 to be used for
protein electrophoresis using 30 µg protein from each sample. Protein samples
were loaded in SDS PAGE and the proteins were transferred to nitrocellulose
membranes. Membranes were processed for blocking and incubated overnight
in 4 Cº with anti Caspase-3, PARP, and actin (cell signal 1:1000) primary antibody and then incubated with the proper secondary antibody for 1 hr at RT. Finally, the proteins were visualized by enhanced chemiluminescence luminal
(ECL) solution. The membranes were then scanned on C-Digits scanner using
Image Studio Digits version 3.1.

2.9. Statistical Analysis
The quantitative data were expressed as averages ± standard deviation. Data
were then graphed and statistically analyzed. Statistical differences were investigated using One-way analysis of variance (ANOVA) followed by Student’s t-test.

3. Results
1) HL60/ADR show higher proliferative rate than HL60 cells.
HL60/ADR show high proliferative rate than HL60 cells after 24, 48 and 72
Hrs in the normal growth conditions as shown in Figure 1.
2) HL60/ADR show high resistance to chemotherapy than HL60 cells.
Cell viability was investigated in HL60 and ADR under different concentrations of Adriamycin (0, 0.1, 0.5, 1, 5 and 10 µg/Ml) using MTT assay. Quantitatively, it was shown that HL60 cells exert significant cell death than ADR cells
with IC50 (3 and 17 µg/Ml) as shown in Figure 2(A) & Figure 2(B). Cell death
by FACS analysis using Annexin V and 7AAd was confirmed the cell viability
results and prove the high resistant of ADR cell to chemotherapy induced cell
death (Figure 2(C) & Figure 2(D)).
3) Ginger crude extract shows clear cytotoxic effect on HL60/ADR cell at
high concentrations.
DOI: 10.4236/abc.2019.93008
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Figure 1. Growth curve of HL60/ ADR and HL60 in RPMI complete growth medium for
24, 48 and 72 Hrs. Viable cells were detected by trypane blue dye exclusion method P <
(0.05 and 0.01) (n = 6).

Figure 2. A and B show the cytotoxic effect of different concentrations of Adriamycin on
HL60/ADR and HL60 cell after 12 and 24 Hrs. respectively, by MTT assay, (C) show
theHL60 apoptotic cell death and (D) show HL60/ADR resistant to apoptotic and necrotic cell death by Adriamycin (5 µg/Ml) using FACS analysis P < (0.05 and 0.01) (n = 3).

MTT assay results explain the significant decreasing in cell viability of
HL60/ADR and HL60 cell under the high concentrations (100 and 1000 µg/Ml)
DOI: 10.4236/abc.2019.93008

103

Advances in Biological Chemistry

N. S. Al-Abbas

of ginger extract as shown in Figure 3(A) & Figure 3(B) after 12 and 24 Hrs.
respectively.
4) Ginger crude extract induces apoptotic cell death in HL60/ADR and
HL60 cells at high concentrations.
Consistently with the flow cytometry analysis with annexin v and 7AAD, immunocytochemistry by using DAPI show lobed nuclei which clearly prove that
the high concentrations (100 and 1000 µg/Ml) of ginger induce apoptotic cell
death and in parallel to that, western blot data show the increased level of
cleaved caspase-3 and PARP proteins under the indicated doses of ginger as
shown in Figure 4 and Figure 5.

4. Discussion
Acute myeloid leukemia as a clonal disorder is characterized by the highly increasing of an immature, abnormally differentiated, myeloid cell population in
the bone marrow and peripheral blood. AML is the most common acute leukemia in adults aged above 45 years [22]. About one-third of the AML patients

Figure 3. A and B show the cytotoxic effect of different concentrations of ginger crude
extract on HL60/ADR and HL60 cell after 12 and 24 Hrs. respectively, by MTT assay. P <
(0.05 and 0.01) (n = 6).

Figure 4. (A) and (B) show FACS analysis of apoptotic and necrotic cell death after 24
Hrs of (1000 µg/Ml) ginger extract treatment in HL60 and ADR respectively.
DOI: 10.4236/abc.2019.93008
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Figure 5. (A) and (B) show nuclei staining with DAPI after 24 Hrs of ginger extract (1000
µg/Ml) treatment in HL60 and ADR. Images were obtained with confocal microscopy.
Bars, 10 µM. C after 24 Hrs of treatment with (50, 100 and 1000 µg/Ml) of ginger crude
extract on HL60/ADR, cells were harvested and used for western blot analysis of Caspase-3, PARP, and Act in show western blotting results of AD.

do not attain a complete remission with conventional chemotherapy treatment
developed drug resistant AML which considered a highly heterogeneous disease
showing aggressive behavior toward all of normal strategies of treatment therapy
[22] [23]. Therefore, our research focused on alternative natural dietary methods
as ginger. In agreement with many previous published data that clearly state that
the cell proliferation differs between leukemia subgroups and increased proliferation, is associated with developing drug resistant in vitro to several anticancer
agents [24]. Our results show ADR/HL60 cells have aggressive proliferative rate
compared with that of normal leukemic HL60 cells in the normal conditions.
Ample published data reveals that the leukemic cells gradually activate their
drug efflux system via change altering their membrane P-glycoprotein (P-gp)
and MRP1 expression [6] [7] [8]. Adriamycin chemo-resistance is considerably
clinical obstacles in chemotherapy for patients with AML. We found that Adriamycin showed no significant effects on cell viability at the indicated doses in
ADR/HL60 cells with IC50 (17 µg/Ml) by MTT assay and confirmed by the
FACS analysis for apoptosis and necrosis. However, it was clear that Adriamycin
exerts high cytotoxic effect on HL60 cells at very low doses with IC50 (3 µg/Ml)
as shown with cell viability and FACS analysis.
In recent years, ample data showed that the use of natural dietary agents has
become widely accepted as a realistic option for the cure of malignant cancers
because of their safety margin and there antioxidant and bioactive gradients
[9] [10]. In the current work, we study the effect of ginger crude extract on the
DOI: 10.4236/abc.2019.93008

105

Advances in Biological Chemistry

N. S. Al-Abbas

ADR/HL60 cells by studying its cytotoxic effect and the cell death mechanisms.
Recently, Mukkavilli et al. [25] explained the Pharmacokinetic-pharmacodynamics
correlations in the development of ginger extract as an anticancer agent.
Evidence has revealed that 6S, an active constituent of ginger, could induce cell
death/apoptosis in many types of cancer cells including, colorectal carcinoma,
ovarian cancer, hepatocarcinoma, human lung cancer, breast cancer cells and
oral cancer [26] [27] [28] [29]. Inconsistent with Hang et al. [29] who explained
that 6-shogaol inhibits breast cancer cell invasion by down-regulated matrix
metalloproteinase-9 (MM-9) expression through blockade of nuclear factor-kappa-B (NFK-B) activation, Ling et al. [30] and Martin et al. [31] showed
that 10 G induces apoptosis and inhibits metastasis in triple negative breast cancer in vivo, Liu et al. [32] demonstrated that 6-shogaol clearly induces apoptotic
cell death in transformed and primary human leukemia cells, as well as in
leukemia xenografts. This highlighted induction occurs in association with the
cleavage of eIF2α that is dependent on caspase activation [32].
In consistent to these data, our results reveal the cytotoxic effect of ginger
crude extract on HL60 and ADR/Hl60 cells as shown by cell viability assay in
dose and time dependent manner. The flow cytometry results showed a significant apoptotic cell death by ginger in HL60 and ADR/Hl60 and also confirmed
by immunostaining of nucleus by DAPI which showed apoptotic nuclei. From
the above data, it could be concluded that Ginger as normal dietary spices is
promising anticancer drug by induction apoptotic cell death especially in drug
resistant AML.

Conflicts of Interest
The author declares no conflicts of interest regarding the publication of this
paper.

References

DOI: 10.4236/abc.2019.93008

[1]

Ghoneum, A., Sharma, S. and Gimzewski, J. (2013) Nano-Hole Induction by Nanodiamond and Nanoplatinum Liquid, DPV576, Reverses Multidrug Resistance in
Human Myeloid Leukemia (HL60/AR). International Journal of Nanomedicine, 8,
2567-2573. https://doi.org/10.2147/IJN.S43417

[2]

Shi, Z., Tiwari, A.K., Patel, A.S., Fu, L.W. and Chen, Z.S. (2011) Roles of Sildenafil
in Enhancing Drug Sensitivity in Cancer. Cancer Research, 71, 3735-3738.
https://doi.org/10.1158/0008-5472.CAN-11-0375

[3]

Pan, X.N., Chen, J.J., Wang, L.X., Xiao, R.Z., Liu, L.L., Fang, Z.G., Liu, Q.J., Long, Z.
and Lin, D.J. (2014) Inhibition of c-Myc Overcomes Cytotoxic Drug Resistance in
Acute Myeloid Leukemia Cells by Promoting Differentiation. PLoS ONE, 9,
e105381. https://doi.org/10.1371/journal.pone.0105381

[4]

Biedler, J.L. and Riehm, H. (1970) Cellular Resistance to Actinomycin D in Chinese
Hamster Cells in Vitro: Cross-resistance, Radiographie and Cytogenetic Studies.
Cancer Research, 30, 1174-1184.

[5]

Ling, V. and Thompson, L.H. (1974) Reduced Permeability in CHO Cells as a Mechanism of Resistance to Colchicine. Journal of Cellular Physiology, S3, 103-111.
106

Advances in Biological Chemistry

N. S. Al-Abbas
https://doi.org/10.1002/jcp.1040830114
[6]

Inaba, M., Kobayashi, H., Sakurai, V. and Johnson, R.K. (1979) Active Efflux of
Daunorubicin and Adriamycin in Sensitive and Resistant Sublines of P388 Leukemia. Cancer Research, 39, 2200-2203.

[7]

Kasaian, J., Mosaffa, F., Behravan. J., Masullo, M., Piacente, S., Ghandadi, M. and
Iranshahi, M. (2015) Reversal of P-Glycoprotein-Mediated Multidrug Resistance in
MCF-7/Adr Cancer Cells by Sesquiterpene Coumarins. Fitoterapia, 103, 149-154.
https://doi.org/10.1016/j.fitote.2015.03.025

[8]

Wei, J., Zhou, Y., Jiang, G.Q. and Xiao, D. (2014) Silencing of ETS1 Reverses
Adriamycin Resistance in MCF-7/ADR Cells via Downregulation of MDR1. Cancer
Cell International, 14, 22. https://doi.org/10.1186/1475-2867-14-22

[9]

Russo, M., Spagnuolo, C., Tedesco, I. and Russo, G.L. (2012) Phytochemicals in
Cancer Prevention and Therapy: Truth or Dare? Toxins (Basel), 2, 517-551.
https://doi.org/10.3390/toxins2040517

[10] Prasad, S. and Aggarwal, B.B. (2014) Chronic Diseases Caused by Chronic Inflammation Require Chronic Treatment: Anti-Inflammatory Role of Dietary Spices.
Journal of Clinical and Cellular Immunology, 5, 238.
https://doi.org/10.4172/2155-9899.1000238
[11] Bode, A.M. and Dong, Z. (2011) The Amazing and Mighty Ginger. In: Benzie, I.F.F.
and Wachtel-Galor, S., Eds., Herbal Medicine: Biomolecular and Clinical Aspects,
CRC Press/Taylor & Francis, Boca Raton, Chapter 7.
https://doi.org/10.1201/b10787-8
[12] Govindarajan, V.S. (1982) Ginger-Chemistry, Technology, and Quality Evaluation:
Part 1. Critical Reviews in Food Science and Nutrition, 17, 1-96.
https://doi.org/10.1080/10408398209527343
[13] Govindarajan, V.S.G. (1982) Chemistry Technology, and Quality Evaluation: Part 2.
Critical Reviews in Food Science and Nutrition, 17, 189-258.
https://doi.org/10.1080/10408398209527348
[14] Chen, C.Y., Li, Y.W. and Kuo, S.Y. (2009) Effect of [10]-gingerol on [Ca2+]i and
Cell Death in Human Colorectal Cancer Cells. Molecules, 14, 959-969.
https://doi.org/10.3390/molecules14030959
[15] Chen, C.Y., Yang, H.Y. and Kuo, S.Y. (2010) Effect of [6]-Shogaol on Cytosolic
Ca2+ Levels and Proliferation in Human Oral Cancer Cells (OC2). Journal of Natural Products, 73, 1370-1374. https://doi.org/10.1021/np100213a
[16] Kim, E.C., et al. (2005) [6]-Gingerol, a Pungent Ingredient of Ginger, Inhibits Angiogenesis in Vitro and in Vivo. Biochemical and Biophysical Research Communications, 335, 300-308. https://doi.org/10.1016/j.bbrc.2005.07.076
[17] Park, K.K. (1998) Inhibitory Effects of [6]-Gingerol, a Major Pungent Principle of
Ginger, on Phorbol Ester-Induced Inflammation, Epidermal Ornithine Decarboxylase Activity and Skin Tumor Promotion in ICR Mice. Cancer Letters, 129,
139-144. https://doi.org/10.1016/S0304-3835(98)00081-0
[18] Park, Y.J., Chun, K.S., Lee, J.M., Lee, S.S. and Surh, Y.J. (2006) [6]-Gingerol Induces
Cell Cycle Arrest and Cell Death of Mutant p53-Expressingpancreatic Cancer Cells.
Yonsei Medical Journal, 47, 688-697. https://doi.org/10.3349/ymj.2006.47.5.688
[19] Wu, H., Hsieh, M.C., Lo, C.Y., Liu, C.B., Sang, S., Ho, C.T. and Pan, M.H. (2010)
6-Shogaol Is More Effective than 6-Gingerol and Curcumin in Inhibiting
12-O-Tetradecanoylphorbol 13-Acetate-Induced Tumor Promotion in Mice. MoDOI: 10.4236/abc.2019.93008

107

Advances in Biological Chemistry

N. S. Al-Abbas

lecular Nutrition & Food Research, 54, 1296-1306.
https://doi.org/10.1002/mnfr.200900409
[20] Kaushik, P. and Goyal, P. (2011) Evaluation of Various Crude Extracts of Zingiber
officinale Rhizome for Potential Antibacterial Activity: A Study in Vitro. Advances
in Microbiology, 1, 7. https://doi.org/10.4236/aim.2011.11002
[21] Ismail, I.A., Kang, H.S., Lee, H.J., Kim, J.K. and Hong, S.H. (2014) DJ-1 up Regulates Breast Cancer Cell Invasion by Repressing KLF17 Expression. British Journal
of Cancer, 110, 1298-1306. https://doi.org/10.1038/bjc.2014.40
[22] Sonneveld, P. (2014) Multidrug Resistant Cells with High Proliferative Capacity
Determine Response to Therapy in Acute Myeloid Leukemia, Identification and
Modulation of Drug Resistance in Acute Myeloid Leukemia. Leukemia, 9, 63.
[23] De Kouchkovsky, I. and Abdul-Hay, M. (2016) Acute Myeloid Leukemia: A Comprehensive Review and 2016 Update. Blood Cancer Journal, 6, e441.
https://doi.org/10.1038/bcj.2016.50
[24] Kaaijk, P., Kaspers, G.J.L., Van Wering, E.R., Broekema, G.J., Loonen, A.H.,
Hählen, K., Veerman, A.J.P., et al. (2003) Cell Proliferation Is Related to in Vitro
Drug Resistance in Childhood Acute Leukaemia. British Journal of Cancer, 88, 775.
https://doi.org/10.1038/sj.bjc.6600787
[25] Mukkavilli, R., Yang, C., Tanwar, R.S., Saxena, R., Gundala, S.R., Zhang, Y., Rida,
P.C., et al. (2018) Pharmacokinetic-Pharmacodynamic Correlations in the Development of Ginger Extract as an Anticancer Agent. Scientific Reports, 8, 3056.
https://doi.org/10.1038/s41598-018-21125-2
[26] Pan, M.H., Hsieh, M.C., Kuo, J.M., Lai, C.S., Wu, H., Sang, S. and Ho, C.T. (2008)
6-Shogaol Induces Apoptosis in Human Colorectal Carcinoma Cells via ROS Production, Caspase Activation, and GADD 153 Expression. Molecular Nutrition &
Food Research, 52, 527-537. https://doi.org/10.1002/mnfr.200700157
[27] Hu, R., Zhou, P., Peng, Y.B., Xu, X., Ma, J., Liu, Q., Zhang, L., Wen, X.D., Qi, L.W.,
Gao, N. and Li, P. (2012) 6-Shogaol Induces Apoptosis in Human Hepatocellular
Carcinoma Cells and Exhibits Anti-Tumor Activity in Vivo through Endoplasmicreticulum Stress. PLoS ONE, 7, e39664.
https://doi.org/10.1371/journal.pone.0039664
[28] Weng, C.J., Chou, C.P., Ho, C.T. and Yen, G.C. (2012) Molecular Mechanism Inhibiting Human Hepatocarcinoma Cell Invasion by 6-Shogaol and 6-Gingerol. Molecular Nutrition & Food Research, 56, 1304-1314.
https://doi.org/10.1002/mnfr.201200173
[29] Hung, J.Y., Hsu, Y.L., Li, C.T., Ko, Y.C., Ni, W.C., Huang, M.S. and Kuo, P.L.
(2009) 6-Shogaol, an Active Constituent of Dietary Ginger, Induces Autophagy by
Inhibiting the AKT/mTOR Pathway in Human Non-Small Cell Lung Cancer A549
Cells. Journal of Agricultural and Food Chemistry, 57, 9809-9816.
https://doi.org/10.1021/jf902315e
[30] Ling, H., Yang, H., Tan, S.H., Chui, W.K. and Chew, E.H. (2010) 6-Shogaol, an Active Constituent of Ginger, Inhibits Breast Cancer Cell Invasion by Reducing Matrix
Metalloproteinase-9 Expression via Blockade of Nuclear Factor-kappaB Activation.
British Journal of Pharmacology, 161, 1763-1777.
https://doi.org/10.1111/j.1476-5381.2010.00991.x
[31] Martin, A.C.B., Fuzer, A.M., Becceneri, A.B., da Silva, J.A., Tomasin, R., Denoyer,
D., Nagpal, A., et al. (2017) [10]-Gingerol Induces Apoptosis and Inhibits Metastatic Dissemination of Triple Negative Breast Cancer in Vivo. Oncotarget, 8,
DOI: 10.4236/abc.2019.93008

108

Advances in Biological Chemistry

N. S. Al-Abbas
72260-72271. https://doi.org/10.18632/oncotarget.20139
[32] Liu, Q., Peng, Y.B., Zhou, P., Qi, L.W., Zhang, M., Gao, N. and Li, P. (2013)
6-Shogaol Induces Apoptosis in Human Leukemia Cells through a Process Involving Caspase-Mediated Cleavage of eIF2α. Molecular Cancer, 12, 135.
https://doi.org/10.1186/1476-4598-12-135

DOI: 10.4236/abc.2019.93008

109

Advances in Biological Chemistry

