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ABSTRACT 

Royal jelly (RJ), a nutritious natural product from bees, is used as a 
traditional medicine for health promotion and longevity. 10-hydroxy-2-decenoic acid 
(10-H2DA), the unique fatty acid in RJ, also has anti-angiogenic and anti-tumor activities.  
However, molecular mechanisms on their cancer prevention and anti-cancer 
properties are still inconclusive. The study aimed to elucidate the cytogenetic effects 
and molecular mechanisms of RJ and its ingredients as chemopreventive and 
chemotherapeutic agents. Genotoxic and antigenotoxic effects against doxorubicin 
(DXR) of RJ, ethereal extract (EE), defatted material (DM), and 10-H2DA were 
investigated by the in vitro sister chromatid exchange (SCE) assay. Cytotoxic and 
antiproliferative effects of 10-H2DA alone and 10-H2DA co-treatments with DXR against 
MCF-7 breast cancer cells were evaluated by the MTS tetrazolium assay.  

Gene expression modulations were detected by Western blot analysis. Cell 
cycle distribution, cell apoptosis were determined by flow cytometry. Morphological 
changes were detected by Hoechst 33258/propidium iodide double staining. We 
revealed that RJ treatments (0.0005-0.5 mg/mL) were not genotoxic nor cytotoxic on 
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human lymphocytes by the in vitro SCE assay. The lowest dose of RJ maximally 
enhanced cell proliferation, cell survival, longevity, and antioxidative response through 
induction of c-MYC/BAX, BCL2/BAX, h-TERT/BAX and NRF2/BAX.  It activated G1/S, 
G2/M progression through increased cyclin E1 and cyclin B1.   

On the contrary, the highest dose at 5 mg/mL RJ significantly increased 
SCE level. Nevertheless, pretreatment of 5 mg/mL RJ significantly decreased DXR-
induced SCE levels. RJ (5 mg/mL) co-treatment with DXR protected human cells 
through reduction of cell apoptosis, increased antioxidative response and enhanced 
longevity. It delayed G2/M cell cycle through decreased cyclin B1, possibly allowing 
cells to repair.  

Moreover, 125 µg/mL 10-H2DA significantly inhibited MCF-7 cell 
proliferation through induction of cell cycle arrest (decreased cyclin D1 and CDK4), cell 
apoptosis (decreased BCL2/BAX), shortened lifespan (decreased hTERT), and inhibited 
oncoprotein c-MYC. The co-treatment of DXR with 125 µg/ml 10-H2DA potentiated 
DXR-induced antiproliferative effects against MCF-7 cells. It enhanced cell apoptosis, 
cell cycle arrest and inhibited cell proliferation (decreased c-MYC). Unpredictably, all 
above treatments increased NRF2, the antioxidative response.  

Therefore, RJ is a promising candidate as a chemopreventive agent by 
stimulating human cell growth, longevity and antioxidative response; with correct 
doses, it protects cells from genotoxic damage.  Also, 10-H2DA is a promising candidate 
for chemotherapy by inhibiting breast cancer cells through enhancing cell apoptosis, 
inducing cell cycle arrest, shortening lifespan and inhibiting cell proliferation; adding 
DXR enhanced antiproliferative properties. Further in vitro and in vivo studies are 
needed to confirm the evidence. 
 
Keywords :  breast cancer cell line, cytotoxicity, doxorubicin, genotoxicity, human 
lymphocytes, royal jelly, 10-hydroxy-2-decenoic acid, c-MYC, h-TERT, BCL2, BAX, 
NRF2, HO-1, cyclins, cyclin dependent kinase. 
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LIST OF ABBREVIATIONS 
 

Symbols/Abbreviations Terms 
 

% 
µL 
µg 
µM 

C 
10-H2DA 
BAX 
BCL2 
CDK4 
CO2 
DMSO 
DM 
DNA 
DXR 
EE 
et al. 
FCS 
g 
GPx 
h 
HO-1 
HPLC 
hTERT 
IC50 
LC50 
M 

 
Percent 
Microliter 
Microgram 
Micromolar 
Degree Celsius 
10-Hydroxy-2-decenoic acid 
BCL2 associated X protein 
B-cell lymphoma 2 
Cyclin-dependent kinase 4 
Carbon dioxide 
Dimethyl sulphoxide 
Defatted material 
Deoxyribonucleic acid 
Doxorubicin 
Ethereal extract 
et alibi, and other 
Fetal calf serum 
Gram 
Glutathione peroxidase 
Hour 
Heme oxygenase-1 
High performance liquid chromatography 
Human telemorase revese transcriptase 
50% Inhibitory concentration 
50% lethal concentration 
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mg 
mL 
mM 
mole 
nm 
NRF2 
O.D. 
PBS 
PI 
PVDF 
RJ 
ROS 
Rpm 
SD 
SDS 
SDS-PAGE 
 
TBS 
TGI 

 

Milligram 
Milliliter 
Millimolar 
Mole 
Nanometer 
Nuclear factor erythroid-2 related factor2 
Optical density 
Phosphate buffered saline 
Propidium iodide 
Polyvinylidene fluoride 
Royal jelly 
Reactive oxygen species 
Revolutions per minute 
Standard deviation 
Sodium dodecyl sulfate 
Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis 
Tris- buffered saline 
Total growth inhibition 
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CHAPTER 1 
INTRODUCTION 

 
Cancer is a major public health problem in Thailand as well as worldwide: 

in 2012, there were about 8.2 million cancer deaths and 32.6 million cancer cases. 
New cases are expected to reach 14.1 million in 2035, and the incidence will increase 
to 24 million in 2078 (1). Globally, the most common types of cancer in order of 
frequency for men are prostate (25%), colorectal (13%), and lung (9.3%); in contrast, 
for women, the most frequent cancers are breast (35%), colorectum (9.5%) and cervix 
uteri (9.1%). In Thailand, World Health Organization reported that cancer caused about 
84,981 deaths in 2012 (2).  The most common cancer found in Thai women is breast 
cancer (31%), whereas colorectum cancer (16%) is most common in Thai men (1). 

Cancer is the uncontrolled growth of abnormal cells due to over-activation 
of oncogenes coupled with under-activation of tumor suppressor genes. Hanahan and 
Weinberg, 2011 (3) have summarized the characteristics of multi-step cancer 
progression into six general capabilities which composed of 1) self-sufficiency in growth 
signals 2) insensitivity to growth inhibitory signals 3) evasion of programmed cell death 
(apoptosis) 4) limitless replicative potential 5) sustained angiogenesis and 6) tissue 
invasion and metastasis. 

There are many kinds of cancer treatment such as surgery, chemotherapy, 
and radiation therapy. However, all have side effects and for chemotherapy, these 
include hair loss, fatigue, vomiting, diarrhea and heart attack.  Doxorubicin (DXR), one 
of the most effective anthracycline anticancer drugs, intercalates into DNA, inhibits DNA 
DNA topoisomerase II-mediated DNA repair and generates free radicals inducing 
membrane damage (4).  It can cause cardiotoxicity and hematotoxic effects (5).  
Another chemotherapeutic agent, mitomycin C (MMC), also was demonstrated to 
increase DXR-induced cardiotoxicity when administered with DXR (6).   

Due to these perilous side effects, natural and safer products are being 
explored. Dietary agents not only have the potential for use in therapy but also in 
chemoprevention. Various foods have long been associated with either causing or 
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preventing cancer.  Epidemiology studies suggest that, in general, diet plays a significant 
role for 1/3 to 2/3 of all modifiable risk factors on human cancer development (7).  
Substances in medicinal herbs have also been studied for use as chemoprevention 
and chemotherapy.  For example, Azadirachta indica (neem) showed 
chemopreventive and antitumor effects in many types of cancer. The substance 
extracted from neem has a pivotal role in anti-cancer control by inhibition of cell 
proliferation, stimulation of cell death, suppression of cancer angiogenesis and balance 
of cellular reduction/oxidation (8, 9).  Resveratrol, a natural product found in grapes, 
also has anti-cancer effects and chemopreventive properties (10, 11). It suppressed 
cell proliferation of various tumor cells such as breast, ovarian, prostate, and lymphoid 
cancers.  The growth-inhibitory effect of resveratrol was mediated through cell-cycle 
arrest and cell apoptosis.  It also blocked carcinogen activation by inhibiting aryl 
hydrocarbon-induced CYP1A1 expression and activity, therefore suppressed tumor 
initiation, promotion and progression.  Lee et al., 2013 reported that the combination 
of resveratrol and chemotherapeutic agent, clofarabine, showed the synergistic 
antiproliferative effect against human malignant mesothelioma MSTO-211H cells (12). 

 Royal jelly, a nutritious natural product from bees, is commonly  used as 
a traditional medicine in Asia, Europe, America, Canada, and Australia for health 
promotion and longevity.  It has numerous biological properties: anti-inflammation 
(13), antioxidant activity (14), antifatigue (15), neurogenesis promotion (16), bone 
formation stimulation (17) and cancer cell growth inhibition (18).  Moreover, 10-
hydroxy-2-decenoic acid (10-H2DA),  the most abundant fatty acid in RJ, also has 
several pharmacological properties such as anti-angiogenic activity , anti-inflammatory 
activity (19), antibiotic activity , lifespan extension (20) and anti-tumor activity (21).  
However, understanding on molecular mechanisms of RJ and its special fatty acid, 10-
H2DA in cancer chemoprevention and cancer therapy is limited. Therefore, studies on 
molecular mechanisms of RJ and 10-H2DA for cancer prevention and chemotherapy 
are required to be more elucidated.  Nevertheless, there are reports on the side effect 
of RJ consumption.  Ingestion of RJ can cause anaphylaxis in allergic individuals (22, 
23).  Furthermore, the consumption of RJ in combination with the prolonged 
administration of warfarin (a blood coagulant) can increase bleeding (24).  Thus the 
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exact composition and toxicity of RJ should be known before a thorough examination 
of its chemoprevention and chemotherapy properties on human cells.  

The present study aimed to elucidate the effectiveness of Thai RJ and its 
extracts as chemopreventive and chemotherapeutic agents. Chemical compositions of 
RJ were analyzed for carbohydrate, lipid, protein, ash and moisture contents by 
standard AOAC method.  RJ was extracted by diethyl ether as a solvent using Soxhlet 
apparatus for 24 h.  Then, the ethereal extract (EE) and defatted material (DM) were 
collected.  All phenolic and flavonoid contents and antioxidant activities of RJ were 
determined by chemical-based assays to evaluate its antioxidative potential.  In 
addition, 10-H2DA contents in RJ and EE were also determined by high-performance 
liquid chromatography (HPLC) (25). 

To evaluate biosafety of RJ, EE,DM and 10-H2DA, their genotoxicity were 
evaluated on human lymphocytes using in vitro sister chromatid exchange (SCE) assay.  
SCE is an exchange of DNA fragments of sister chromatids on the same loci of a 
homologous chromosome: the result of DNA repair mechanism.  It is a valuable tool 
for the quantitative and qualitative evaluation of DNA damage caused by physical (e.g. 
radiation), chemical (e.g. mutagens and carcinogens) and biological factors (e.g. virus 
and bacteria) (26). 

In addition, pretreatments of RJ, EE, DM and 10-H2DA followed by 
doxorubicin (DXR), a genotoxic chemotherapeutic agent, were performed to evaluate 
the antigenotoxicities of RJ, EE, DM and 10-H2DA against DXR on human lymphocytes 
by SCE assay.  These procedure determined the chemopreventive activities of RJ and 
its ingredients.  

Furthermore, to evaluate the chemotherapeutic activities, various 
concentrations of 10-H2DA were treated against MCF-7 breast cancer cell line and MTS 
tetrazolium assay was performed to determine the cytotoxic effects of 10-H2DA 
treatements against breast cancer cells.  Additionally, the antiproliferative activities of 
10-H2DA in combination with DXR treatments on MCF-7 cells were evaluated by MTS 
assay.  These procedures determined the chemotherapeutic activities of 10-H2DA itself 
and 10-H2DA in adjunct with DXR against MCF-7 breast cancer cell line. 
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Moreover, the molecular mechanisms underlying the genotoxicity of RJ 
alone and antigenotoxicity of RJ against DXR on human lymphocytes as well as the 
cytotoxicity of 10-H2DA alone on MCF-7 breast cancer cells and antiproliferative effects 
of 10-H2DA in combination with DXR were evaluated.  Detecting of pivotal regulatory 
proteins that the chemoprevention and chemotherapy regularly share such as cell 
cycle regulators (cyclin E1, cyclin B1, cyclin D1, cyclin dependent kinase 4), oncogene 
(c-MYC), tumor suppressor gene (p53), telomerase (hTERT), antioxidative response 
(NRF2, HO-1), and apoptosis markers (BCL2, BAX) were quantified by Westen blot 
analysis.  

In addition, effects on kinetics of cell cycle progression determined as a 
percentage of early G1, G1, S, and G2 phases were evaluated by flow cytometry using 
propidium iodide staining.  Effects on kinetics of cell apoptosis determined as the 
percentages of live, early apoptosis, late apoptosis and necrosis were quantified by 
flow cytometry using annexin V and propidium iodide double staining.  Lastly, effects 
on nuclear morphological changes were assessed by fluorescence microscope using 
Hoechst 33258 and propidium iodide double staining. 

 
 

Ref. code: 25605511301011VIB



5 
 

Objectives 
 

 1. To analyze the general chemical compositions of Thai RJ and its antioxidative 
potential including flavonoid content, total phenolic content and antioxidative 
activity 

2. To examine the genotoxic effects of RJ and its ingredients (EE, DM and 10-H2DA) 
treatments on human lymphocytes 

3. To examine the antigenotoxic effects of RJ and its ingredients (EE, DM and 10-H2DA) 
treatments on human lymphocytes 

4. To examine the molecular mechanisms of genotoxic effects of RJ treatments alone 
and antigenotoxic effects of RJ pretreatments against DXR on human lymphocytes 

5. To examine the cytotoxic and proliferative effects of 10-H2DA treatments against 
MCF-7 breast cancer cells 

6. To examine the antiproliferative effects of 10-H2DA in combination with DXR 
treatments against MCF-7 breast cancer cells 

7. To examine the molecular mechanisms of antiproliferative effects of 10-H2DA 
treatment alone and antiproliferative effects of 10-H2DA in combination with DXR 
treatments against MCF-7 breast cancer cells 
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Conceptual framework 
  

 
 

Figure 1 Schematic diagram of the analysis of royal jelly and its ingredients  

6 
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CHAPTER 2 
REVIEW OF LITERATURE 

 
2.1 Breast Cancer 
 

In 2012, breast cancer was estimated 1.67 million new cancer cases 
diagnosed (25% of all cancers), and ranks second overall.  It is now the most common 
cancer both in developed and developing zones with approximately 690,000 new 
cases estimated for each area (population ratio 1: 4). Thailand is in the developing 
zone.  Incidence rates of breast cancer vary from 19.3 per 100,000 women in Eastern 
Africa to 89.7 per 100,000 women in Western Europe, and are higher (greater than 80 
per 100,000) in the developed zones of the world (except Japan) and lower (less than 
40 per 100,000) in most of the developing zones . Breast cancer ranked as the fifth 
cause of death from cancer overall.  It is the most frequent cause of cancer death in 
women in less developed regions.  In more developed regions, breast cancer is the 
second cause of cancer death after lung cancer.  However the survival rate of breast 
cancer in developed regions is higher (6 per 100,000 in Eastern Asia to 20 per 100,000 
in Western Africa (2). 

In Thailand, breast cancer is the most common found and accounts for 
32% of all cancer in both sexes (Figure 2.1). It ranks as the fourth cause of death from 
cancer overall (6%), after the liver cancer (23%), lung cancer (21%) and colorectum 
cancer (8.1%) (Figure 2.2).  The report of Kotepui et al., 2013 showed that breast cancer 
incidence under age 40 years was slightly low while the incidence in the age groups 
40 and older was very high (27).  
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Figure 2.1 Estimated number of incident cases, both sexes of top 10 cancer sites, 

Thailand in 2012 (1). Data source: GLOBOCAN 2012, International Agency for Research 
on Cancer 2018 (http://gco.iarc.fr/) 

 
Figure 2.2  Estimated numbers of death of each cancer site, Thailand in 2012 (2).   

Data source: GLOBOCAN 2012,  International Agency for Research on Cancer 2018 
(http://gco.iarc.fr/) 
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Breast cancer has different clinical properties, pathologic features, morphology, 
grade, and hormone receptors. It was classified into 5 subtypes depending on gene 
expression levels of estrogen receptor (ER), progesterone receptor (28), epidermal 
growth factor receptor-2 (Her-2),  KI67 antigen, and basal marker (cytokeratin; CK5 or 
CK5/6) (31-33).  Prevalence of each subtypes was shown in Table 1.  The most 
prevalent types is luminal A and the least is Normal-like.  Mavaddat et al., 2015 
reported that the ER- negative disease rate is high in relatives and family under the age 
of 50 years.  

Table 1 Summary of  the molecular subtypes of breast cancer (modified from Dai X 
et al., 2015) 

 
2.2 Natural products for chemoprevention and chemotherapy 
 

Carcinogenesis is a multi-step process involving initiation, promotion and 
progression steps in order to transform normal cells into cancer cells.  Its mechanisms 
of action comprise of various changes at genetic, epigenetic and cellular levels 
including abnormal cell divisions.  The balance between cell proliferation and 
programmed cell death in the form of apoptosis is also important.  In order to prevent 
carcinogenesis, many chemical compounds from natural products such as resveratrol 
in grape has been extensively studied to be used as chemoprevention and 
chemotherapy.  Veroni et al., 2016 reported that resveratrol suppressed tumor 
initiation, promotion and progression and also blocked metabolic activation of 
procarcinogen (29).  It had additive and/or synergistic effects when used in adjuvant 

Intrinsic subtypes Immunohistochemical  status Prevalence 

Luminal A [ER+|PR+] HER2-KI67- 23.7% 

Luminal B 
[ER+|PR+] HER2-KI67+ 38.8% 
[ER+|PR+] HER2+KI67+ 14.0% 

HER2 over-expression [ER-PR-] HER2+ 11.2% 
Basal-like [ER-PR-] HER2-, basal marker+ 12.30% 
Normal-like [ER+|PR+] HER2-KI67- 7.8% 
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therapy associated with 5-fluorouracil or cisplatin but not with DXR (29). Azadirachtin 
and Nimbolide in neem (30, 31),  catechin and  epicatechin in green tea (32) and 
curcumin in turmeric (33) are also reported as potent cancer chemopreventive 
compounds.  

 
2.3 Modulation of molecular mechanisms of carcinogenesis  

 
2.3.1 Modulation through cell cycle regulators 
      Progression of the cell cycle is normally controlled by consecutive 

activation and inactivation of cyclins and cyclin-dependent kinases (cdks).  The cdks 
belong to the family of serine/threonine protein kinases.  Their kinase activity depends 
on the presence of cyclin proteins.  In each cell cycle, specific cyclins increase 
specifically at each phase of the cell cycle.  In early G1 phase, cyclin D participates 
with cdk4 and cdk6 proceeds cell cycle from G0/G1 to late G1 and passes through the 
restriction point in which cyclin D/cdk activity is no longer needed for cell cycle 
progression.  Then, cyclin E stimulates cdk2 and activates G1 to early S phase transition.  
After that, cyclin A stimulates cdk2 and activates late S-to early G2 phase.  Cyclin A 
also stimulates cdk2 and activates early G2 to late G2 phase.  The cyclin B stimulates 
cdk complex and required during G2 to M phase transition (Figure 2.3) (34).  Modulation 
of the cell cycle through cyclins or cdks could interfere cell proliferation.  
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Figure 2.3 Schematic diagram of cell cycle progression (modified from Vermeulen et 
al., 2003 (34) 

 
2.3.2 Modulation through c-MYC 

                        c-MYC, a proto-oncogene transcription factor, plays a critical role in a 
diversity of cellular proliferation, differentiation, metabolism and apoptosis (35).  Under 
normal condition, its expression is strictly controlled.  It stimulates in response to 
extracellular activation from growth factors (36).  Overexpression of c-MYC is a hallmark 
of many human cancers.  Therefore, inhibition of c-MYC can cause tumor regression 
and cell differentiation and can be used for cancer therapy (37).  In addition, a 
transcription factor of c- MYC activates aryl hydrocarbon (Ah) receptors and stimulates 
expression of heme oxygenase-1 (HO-1).  HO-1 is an inducible antioxidative enzyme 
induced by oxidative stress (38).  c-MYC also activates human telomerase (hTERT) (39). 
Human telomerase is an RNA-dependent DNA polymerase that synthesizes telomeric 
DNA sequences and provides the molecular basis for unlimited proliferative potential.   
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2.3.3 Modulation through p53 
      p53, a transcription factor and a tumor suppressor, is a crucial 

regulator in numerous cellular procedures including cell signal transduction, cell cycle 
regulator, cellular response to DNA-damage, genomic stability, and apoptosis (22).  It 
stimulates the transcription genes such as p21WAF1 and Bax to induce the apoptotic 
process, hindering the cell growth with damaged DNA or cancer cells (40, 41).  In the 
case of mutant p53, it loses the capability to bind DNA efficiently, and as a result, the 
p21 protein is not made available to control cell division. Thus, cells divide 
uncontrollably and develop cancer. Dietetic agents such as curcumin, resveratrol, and 
indole-3-carbinol can modulate p53 action (42-44).  Both DXR and 5-fluorouracil (5-
FU), potent chemotherapeutic agents also increases accumulation of p53 (45). 
 

2.3.4 Modulation through human telomerase reverse transcriptase 
(hTERT) 

              Telomere, the ends of human chromosomes, is composed of 
tandemly repeated G-rich DNA sequences on humans, which protects chromosome 
ends (46).  During DNA replication, the leading strand of DNA is replicated as one 
continuous strand, while the lagging strand is replicated by use of RNA primers and 
small Okazaki fragments.  After the RNA primers are removed and the fragments are 
ligated together, the lagging strand is left with DNA on the end that do not get 
replicated. This results in telomere shortening (47).  Telomere shortening finally can 
cause cell cycle arrest, senescence and mortality (48). To avoid this situation, human 
telomerase, a ribonucleoprotein complex, adds TAGGG repeats to the ends of the 
chromosomes. The complex contains essence enzyme (human telomerase reverse 
transcriptase (hTERT) and a template site for DNA elongation (human telomerase RNA: 
hTR).  hTERT is the catalytic subunit of telomerase and is associated with the rate-
limiting step in the activation of telomerase (49). The high-level expression of hTERT 
was observed in embryonic stem cells and germ cells.  However, hTERT is expressed 
at a low level and eventually silenced in differentiated somatic cells (50).  The over-
expression of hTERT lets cells to continue proliferating.  It has been found to be 
associated with DNA repair mechanism. (51).  The aberrant expression of hTERT is found 
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in 80-95% of cancer (50).  Moreover,  it defends cells from signaling into cell cycle 
arrest and/or apoptosis which can lead to cancer cells resistant against radiation 
therapy or chemotherapeutic agents (52-54).  Therefore, it is a one of a molecular 
target for cancer therapy.  Many studies show inducible dominant-negative hTERT 
mutants were able to reduce endogenous telomerase activity in cancer cells which 
lead to telomere shortening and rapid cell death (55, 56).   
 

2.3.5 Modulation through programmed cell death: apoptosis 
       Cancer therapies, such as chemotherapy, radiotherapy, and 

immunotherapy could induce apoptosis in cancer cells allowing cells to commit 
suicide (57).  It also occurs in normal cells through development and aging process to 
maintain cell populations in tissues.  The two major process of apoptosis is an intrinsic 
or mitochondrial pathway and extrinsic or death receptor pathway which both 
mechanisms can link to each other (Figure 2.4) (58).  

       The intrinsic pathway affects mitochondrial membrane permeability 
leading to release cytochrome c, the pro-apoptotic molecules, into the cytoplasm. 
The cytochrome c binds with CED-4/Apaf-1 and procaspase-9 forming apoptosome. 
Consequently, apoptosome activates procaspase-9 to form caspase-9 which will 
stimulate degradation of caspase-3 and induce apoptosis.  On the contrary, Bcl-2 (B-
cell lymphoma protein 2) can inhibit the cytochrome c releasing from mitochondria 
into the cytoplasm and inhibits the apoptosome formation (59). 

       The extrinsic pathway initiates when death ligands attach to death 
receptors.  The death receptor, the type 1 TNF receptor (TNFR1) and Fas protein 
receptor, will bind to their ligands called TNF and Fas ligand (FasL) recruiting adapter 
proteins such as TNF receptor-Associated Death Domain (TRADD) and Fas-Associated 
Death Domain (FADD).  FasL triggers Fas protein which initiates the recruitment of 
caspase-8 via an adapter molecule FADD to the formation of Death-Inducing Signaling 
Complex (DISC).  Then, DISC stimulates caspase 8 and serially activates caspase 3 which 
triggers apoptosis (60).
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Figure 2.4 Apoptosis pathway (modified  from Wong et al., 2011 (59))  
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2.3.6 Modulation of antioxidative response: NRF2 and HO-1 
        Normally, cells have a production of free radicals, called reactive 

oxygen species in balance with antioxidative response producing antioxidative 
enzymes and antioxidants (61).  However, during oxidative stress, there is an imbalance 
in the production and elimination of free radicals, leading to the damage of 
biomolecules such as lipids, proteins, and DNA.  These may finally leads to mutations 
and ultimately to the development of cancer (62).  Therefore, chemopreventive agents 
which possess antioxidative activities could interfere in the process of this 
carcinogenesis (63).  

       Most of the antioxidative enzymes are in phase II conjugating enzymes 
such as heme oxygenase-1 (HO-1), glutathione peroxidase (GPx), and catalase (CAT).  
At the transcriptional level, phase II enzymes are largely regulated by the transcription 
factor known as nuclear factor-erythroid 2–related factor 2 (NRF2) (64).   

      NRF2, a transcription factor that naturally binds to Keap1 and does not 
express/function (65).  The levels of NRF2 are, therefore, low under the normal 
condition, but under oxidative stress, NRF2 is released from Keap1 and moves from 
cytosol into the nucleus to activate various transcription of phase II enzymes and 
antioxidants e.g. HO-1 (Figure 2.5) (66). 
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Figure 2.5  Antioxidative gene expression via the ARE/NRF2 pathway (modified from 
Amma Owusu-Ansah et al., 2015 (61). ARE: Antioxidant response element,  NRF2: 
Nuclear factor erythroid 2-related factor 2, Keap1: Kelch-like ECH-associated protein 1, 
HO-1: Heme oxygenase 1, GPx: Glutathione peroxidase, CAT: Catalase  
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2.3 Royal jelly and its properties 
 
RJ is only a particular food for queen bee throughout her life while the 

other bees in a hive have bee pollen and honey as food after three days of life.  The 
queen bee has twice the size of worker bees and is only a fertile female in a hive. 
Whereas there are about 20,000-30,000 worker bees, who are infertile females and 
hundreds for the drone, a fertile male.  The only queen bee can lay approximately 
2,000 eggs per day and it has a long life (about 5-8 years), 40 times more than worker 
bees (67).  RJ generally is composed of 60% water, 30% carbohydrate, 3-8% lipids, 27-
40% proteins and 0.8-3% ash, of dry matter (68).  Special fatty acids found specifically 
in RJ are 10-H2DA and 10-hydroxydecanoic acid figure (10-HDA) (Figure 2.7).  Moreover, 
RJ is compose of important flavonoids such as quercetin, kaempherol and galangin 
(69).  

 
 
 
  
 
 
 
 

Figure 2.6  Royal jelly. The black arrow indicates royal jelly in the cell 
(https://en.wikipedia.org/wiki/Royal_jelly)  
 

 
 
Figure 2.7 Structure of 10-hydroxydecenoic acid (10-H2DA) 
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 2.4.1 Antibacterial activity 
        Blum et al., 1959 reported that 10-H2DA had an antibacterial activity 

(70).  Our previous studied using RJ from northern Thailand also demonstrated that 
the crude RJ, EE and DM had antibacterial activities against both gram positive and 
gram negative bacteria such as Sarcina lutia, Salmonella typhi, Staphylococcus 
aureus and Shigella flexneri, whereas bacteriostatic action was shown against Bacillus 
cereus, Escherichia coli, Proteus vulgaris and Pseudomonas aeruginosa (71).  Fujiwara 
et al., 1990 demonstrated that there was a potent antibacterial peptide namely 
royalisin in RJ.  Royalisin had potent antibacterial activity against gram-positive 
bacteria including Streptococcus, Staphylococcus, Micrococcus luteus, Sarcina lutea, 
Clostridium, Corynebacterium, Lactobacillus helveticus, and Leuconostoc, but not 
against gram-negative bacteria (72).  Fontana et al., 2004 reported that jelleine, a 
peptide with 8-9 amino acids showed antibacterial activity against gram-positive cocci 
(S. aureus, S. saprophyticus, and B. subtilis) and gram-negative rods (E. coli, E. 
cloacae, K. pneumoniae, and P. aeruginosa), and yeast (C. albicans) (73).   

 
2.4.2 Antioxidant activity 
        The antioxidant of RJ was evaluated in yeast Saccharomyces 

cerevisiae by cultivated in YEPD medium with 1, 2 and 5 g/L of RJ and estimated 
intracellular oxidation by 20, 70-dichlorofluorescein measuring (74). The results 
revealed that RJ decreased intracellular oxidation in a dose-dependent manner.  RJ 
pretreatements protected albino rats from gamma irradiation-induced oxidative 
stress (75).  RJ intake in type 2 diabetic patient significantly increased serum total 
antioxidant capacity, compared to placebo group (76). 

 
2.4.3 Estrogenic activity 
         RJ stimulated the proliferation of mouse osteoblast-like MC3T3-E1 

cells, possibly involving with estrogenic activity of RJ (17).  Using reporter gene 
expression assay, RJ could bind to estrogen receptor and transcribed a reporter gene 
through estrogen response element and treatment of RJ in ovariectomized rat restored 
vascular endothelial growth factor (VEGF) in uterus, demonstrating estrogenic acitivity 
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of RJ in vitro and in vivo (77).  10-H2DA binds to β-estrogen receptor but not α-
estrogen receptor and it induced MCF-7 breast cancer cell proliferation (78). 

 
2.4.4 Antitumor activity 
        Townsend et al., 1960 reported that RJ and 10-H2DA inhibited 

carcinogenesis in transplantable mouse leukemia and 3 lines of ascites tumors cells: 
6CSHED lymphosarcoma, TA3 mammary carcinoma and Ehrlich carcinoma (18).  In 
addition, RJ inhibited the growth-promoting effect of bisphenol A, a xenoestrogen, on 
MCF-7 breast cancer cell lines (79). The treatment with 10-H2DA inhibited VEGF-
induced proliferation, migration and tube formation on human umbilical vein 
endothelial cells (HUVECs) (80).  Salazar-Olivo, L. and Paz-Gonzalez, P. (2005) reported 
that protein extract (RJP30) from RJ was cytotoxic for HeLa human cervicouterine 
carcinoma cells (80).  In addition, using mouse tumor model, intravenous but not 
intraperitoneally or subcutaneously administration of RJ pretreatment before tumor 
cell (mammary carcinoma and colon carcinoma) inoculation significantly inhibited mice 
metastasis formation (81).  
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CHAPTER 3 

RESEARCH METHODOLOGY 
 

3.1 Equipments 
 

Materials        Model   Company 

Autosampler spectra system AS3500 
Thermo Fisher 
Scientific, USA 

Autopipette Pipetman Gilson, France 

Biosafety cabinet Power wave XS BioTek, USA 
Centrifugal evaporator Concentrator5301 Eppendorf, Germany 

CO2 incubator Series II water jacket 
Thermo Fisher 
Scientific, USA 

Corning cell culture flask 25 and 75cm2 Sigma, USA 

High-performance liquid 
chromatography (HPLC) 

Spectra system P400 
Thermo Fisher 
Scientific, USA 

Hotplate stirrer SB162 Stuart, UK 
Incubator UNB500 Memmert, Germany 

Magnetic stirrer 500P-2 PMC, USA 

McFarland Densitometer DEN-1 Grant-bio, England 

Microcentrifuge Legend Micro17 
Thermo Fisher 
Scientific, UK 

Microplate spectrophotometer PowerWave™ XS Bio-Tek, USA 

Microscope cover slips 24x60 
mm 

50-949-493 
Thermo Fisher 
Scientific, USA 

Microscope slide 7105 Sail Band, China 

Mini-Gel electrophoresis unit Mini protein Bio-Rad, USA 

Nanodrop spectrophotometer Nanodrop 2000 
Thermo Fisher 
Scientific, USA 
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Materials        Model   Company 

Odyssey Fc Imager Li-Core Biosciences 
Li-Core Biosciences, 
USA 

pH meter PHS-3BW 
BANTE instrument, 
China 

Phase contrast microscope AXIO Zeiss, Germany 

Fluorescence microscope Eclipse-Ci Nikon, USA 
Power supply Power PACTM Basic Bio-Rad, USA 

Quick Spin C1301B-230 Labnet, Korea 

Rotating shaker SSM4 Stuart, UK 
Sonicator Model SONICS, USA 

Spectrophotometer UV-1601 Shinmadzu, Japan 

Vortex mixer Genie 2 G-560E 
Scientific IndustriesTM, 
USA 

Water bath WNB Basic Memmert, Germany 
 
3.2 Chemicals 
 

Chemicals Catalog Number Company 
2-Mercaptoethanol 1610710  Bio-Rad, USA 

4x Laemmli sample buffer 161-0747 Bio-Rad, USA 

10-hydroxy-2E-decenoic acid 10976 
Cayman Chemical, 
USA 

Ammonium persulphate 7727-54-0 Sigma, USA 

 Actin antibody 4967 
Cell signaling 
technology, USA 

 BAX antibody 2772 
Cell signaling 
technology, USA 

 BCL2 antibody 2876 
Cell signaling 
technology, USA 
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Chemicals Catalog Number Company 

 c-MYC antibody 9402 
Cell signaling 
technology, USA 

 cdk4 antibody MAB8879 Merck millipore, USA 

 Cyclin B1 antibody 4138 
Cell signaling 
technology, USA 

 Cyclin D antibody 06-137 Merck miilipore, USA 

 Cyclin E1 antibody 04-222 
Cell signaling 
technology, USA 

 hTERT antibody ABE2075 Merck millipore, USA 

 HO-1 antibody 70081 Merck millipore, USA 

 NRF2 antibody ABE829 Merck millipore, USA 

 p53 antibody 9282 
Cell signaling 
technology, USA 

Bio-Rad Protein Assay Kit II 5000002  Bio-Rad, USA 

CellTiter 96® AQueous One Solution 
Cell Proliferation Assay Kit 

G3582 Promega, USA 

Coomassie® Brilliant Blue R-250 1610435 Bio-Rad, USA 

Doxorubicin hydrochloride 
(Adriamycin) 

S1208 Pfizer, USA 

Diethyl ether 362551.1611 
AppliChem Panreac, 
Germany 

Giemsa stain set RA-002-12 
Biotech reagent, 
Thailand 

Glycine 1610718 Bio-Rad, USA 

GPx cumene hydroperoxide 703118 Cayman chemical, USA 
Guava Instrument Cleaning Fluid 
(ICF) 

4200-0140 Merck miilipore, USA 

IRDye 680 mouse anti-rabbit 925-68071 
LI-COR Biosciences, 
USA 
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Chemicals Catalog Number Company 

MEM-non-essential amino acid  
(NAA) 

1IVG2-11140-050 
Thermo fisher 
scientific, USA 

N, N’-Methylene-bis-acrylamide 1610158 Bio-Rad, USA 

N, N, N’, N’-Tetramethyl-1, 2-
diaminoethane (TEMED) 

1610800 
Bio-Rad, USA 

Nitrocellulose membrane RPN303D GE Healthcare, UK 

Odyssey blocking buffer 927-50000 
LI-COR Biosciences, 
USA 

Percision Plus Protein Dual color 
Standard  

1610374 Bio-Rad, USA 

Permount, Fisher Sciencentific SP15-500 

Thermo fisher 
Sciencentific, USA 

Phosphate buffered saline (PBS) 
tablet 

E404-200TABS Amresco, Canada 

Propidium iodide/Ribonuclease 550825 BD Biosciences, USA  
Protease inhibitor cocktail 539131-1VL Merck Millipore, USA 

RIPA lysis buffer 20-188 Merck Millipore, USA 

Sodium dodecyl sulfate 1610301 Bio-Rad, USA 
Sodium hydrogen carbonate 0865-1KG VWR chemical, UK 

Standard protein marker 1610377 Bio-Rad, USA 

Sodium pyruvate solution 1IVG7-11360-070 
Thermo fisher 
scientific, USA 

Tris hydrochloride PRO612 Promega, USA 

Trypsin-EDTA 1IVG7-15400-054 
Thermo fisher 
scientific, USA 

TritonTM X-100 A1287 
ITW Companies, 
Germany 

Tween 20 V900548-500ML Sigma, USA 
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3.3 Analysis of general chemical compositions and pH of RJ 
 

3.3.1 Extraction of RJ for EE and DM using Soxhlet apparatus 
        150 g RJ was extracted with 300 mL diethyl ether in Soxhlet 

apparatus at 45 C for 36 h according to our previously described protocol (71).  The 

EE and DM were separated and evaporated by a rotary evaporator at 50 C and 50 
rpm for 30 min. Then, EE and DM were evaporated in vacuum desiccator for 72 h, 

weighted and stored at minus 20 C until use. 
 

3.3.2 Determination of moisture content by thermal analysis (AOAC 
method (82))  

        Empty dish and lid were dried in the oven at 105 C for 3 h and 
transferred to a desiccator to cool and weighed.  Then, RJ sample was weighed to the 
dish and spreaded the sample to the uniformity.  The dish with RJ sample was dried 

in the oven for 3 h at 105 C.  After drying, transferred the dish to the desiccator to 
cool and reweighed the dish and its dried sample. Then, the moisture content was 
calculated by the following formula (82). 

 

Moisture content (%)  =
W1−W2

W1
 x 100 

  W1  = weight of the sample before drying             
                        W2 = weight of the sample after drying 
 

3.3.3 Determination of protein content by Kjedahl apparatus  

        RJ sample (0.5-1.0 g) was added to the digestion flask and added 5 g 

Kjedahl catalyst and 200 ml of H2SO4.  Then, the samples was boiled in the Kjeldahl 

apparatus.  The flask was heated until all NH3 was distilled, removed receiver, washed 

tip of the condenser and titrated excess standard acid distilled with standard NaOH 

solution and calculated as follows: 
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Protein (%) =     (A-B) × N × 1.4007 × 6.25 
                                    W 
Where A = volume  of 0.2 N HCl used in sample titration 
 B = volume of 0.2 N HCl used in blank titration 
 N = Normality of HCl 
      W        = weight of sample 

14.007 = atomic weight of nitrogen 
  

3.3.4 Determination of ash content by thermal analysis (AOAC method 
(82)) 

       The crucible and lid were heated in the furnace at 550 C overnight 
and cooled in the desiccator for 30 min.  Then, RJ was weighed to the crucible with 3 

decimal places.  The RJ sample in crucible was heated at 550 C overnight, cooled 
down in the desiccator.  Then crucible with RJ sample was weighed and calculated 
with the following formula (82). 

 
 

3.3.5 Quantitative analysis of 10-H2DA in RJ and EE by high 
performance liquid chromatography (HPLC)  

          RJ was dissolved in 55% V/V methanol: 45% distilled water (pH 2.5).  
The solution was vortexed, sonicated for 30 min, and filtered through a 0.22 µm 
membrane filter. A chemical fingerprint of RJ was carried out to examine 10-H2DA with 
an HPLC Spectra System P-4000 with reversed phase HPLC column and a UV detector 
at wavelength 215 nm.  The mobile phase was composed of solvent A (water pH 2.5) 
and solvent B (methanol with gradient elution as follows: methanol at 55% solvent B 
from 0 to 30 min; flow rate: 0.5 mL/min, 10 µL autosampler injection. The data 
acquisition and processing were performed by Chrome quest software (25).  

  

Ash  % =
weight of ash 

weight of sample
 x 100 
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3.4 Analysis of antioxidant properties of RJ 
 

3.4.1 Determination of total phenolic content by Folin-Ciocalteu 
method 

        Phenolic compounds are secondary metabolites found in plants.  
They contain benzene rings, with one or more hydroxyl substituents, and range from 
simple phenolic molecules to highly polymerized compounds. The phenolic 
substances contain numerous varieties of compounds: simple flavonoids, phenolic 
acids, complex flavonoids and colored anthocyanins (83). The polyphenolic 
components may act as antioxidants or as agents of other mechanisms contributing to 
anticarcinogenic or cardioprotective action (84) . 

        Total phenolic content in the RJ was determined by using Folin–
Ciocalteu method (85, 86) with some modification. Briefly, 200 µl of different 
concentration of RJ was mixed with 100 µL Folin-Ciocalteu’s reagent and 80 µL of 
sodium carbonate solution (0.7 M), then the mixture was allowed to stand for 30 min 
at room temperature. The absorbance was measured at 760 nm using a PowerWave™ 
XS Microplate spectrophotometer.  The total phenolic content was calculated by using 
an equation obtained from the standard gallic acid calibration curve and expressed as 
gallic acid equivalents (GAE), in milligrams per gram of the sample. 

 
3.4.2 Determination of flavonoid content by aluminum chloride 

colorimetric method  
         Total flavonoid content was estimated by aluminum chloride 

colorimetric method which adapted from Mella et al., 2013 (86).  In brief, RJ (20, 40, 
60, 80 and 100 µg/mL) were added to 5 % sodium nitrite (NaNO2) and incubated at 
room temperature for 6 min. Then, 10 % aluminum chloride (AlCl3) was added and 
incubated for 6 min.  After that, 4% sodium hydroxide (NaOH) was added and 
continued to incubate for 15 min. The absorbance of the reaction mixture was 
measured at 510 nm.  The flavonoid content was calculated by using an equation 
obtained from the rutin standard calibration curve and expressed as rutin equivalents, 
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in milligrams per gram of the sample (11). Rutin is the rutoside; quercetin 3-O-
rutinoside. 

 
3.4.3 Antioxidant capacity by ABTS assay 
Antioxidant activity was measured by monitoring of the decay of the 

radical cation ABTS•+  produced by the oxidation of 2,2′-azinobis (3-
ethylbenzothiaziline-6-sulfonate) (ABTS) caused by free radicals.  ABTS•+ has strong 
absorption at 734 nm. Stock ABTS•+  solution was prepared from 7 mM ABTS and 40 
mM of potassium persulfate in distilled water.  Briefly, ABTS•+ solution was diluted with 
ethanol to achieve an absorbance of 0.75 at 734 nm.  Four mL of ABTS•+ working 
solution and 0.5 mL of sample solution of different concentrations were mixed and 

incubated at 30 C in water bath for 6 min. Absorbance at 734 nm was measured.  
Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid) is a water-soluble 
analog of vitamin E. Trolox standard calibration curve was used as positive 
control.  Trolox equivalents are used to express the results (TEAC, Trolox Equivalent 
Antioxidant Capacity) (87).  

 
3.5 Analysis of the effects of RJ, EE, DM and 10-H2DA on human lymphocytes 

 
3.5.1 Genotoxic effects of RJ, DM, EE, and 10-H2DA treatments for 3 h 

on human lymphocytes detected by in vitro sister chromatid exchange (SCE) 
assay 

 Fresh blood samples for all experiments were obtained by 
venipuncture from 10 healthy volunteers, age 25-35 years with no recent exposure to 
radiation or drugs.  These studies were approved by our institutional ethics committee 
MTU-EC-DS-2–067/56 and MTU-EC-DS-66077/60. 

 
3.5.1.1 Preparation of RJ, EE and DM for culture 

  Crude RJ and EE fraction were each mixed with 
dimethylsulfoxide (DMSO) for an hour (5 mg/mL of RJ and 2.5 mg/mL of EE) and then 
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centrifuged.  The supernatant was then mixed with RPMI for another hour resulting in 
the stock solution of crude RJ extract or ethereal EE.  Ten-fold serial dilutions of RJ 
and EE in RPMI medium were freshly prepared.  For DM, it was directly solubilized in 
RPMI medium.  Ten-fold serial dilutions of DM were freshly prepared before initiating 
cell culture. 

 
3.5.1.2 Cell cultures 

             One ml whole blood was cultured in a 5 mL culture medium 
(10% fetal bovine serum, 10% autologous plasma, 1% penicillin-streptomycin, 2% 
phytohemagglutinin and 1% L-glutamine) under standard blood culture conditions 
(88).  Twenty-four hours after the initiation of the culture, lymphocytes were 
centrifuged to obtain packed cells.  The supernatant medium was removed and saved 
for reuse.   

 
3.5.1.3. Genotoxic studies of RJ, EE, DM and 10-H2DA treatments 

by in vitro SCE assay 
          The lymphocytes were treated with RJ (0.0005-5 mg/mL), EE 

(0.00025-2.5 mg/mL), DM (0.0005-5 mg/mL) and 10-H2DA (0.000125-1.25 mg/mL) in 

plain RPMI 1640 culture medium for three hours at 37 C.  Following centrifugation at 
400 g for 10 min, the supernatant medium was discarded. Then, incubation of the 

treated cells was continued at 37 C in the dark with the previously saved medium. 
Bromodeoxyuridine (BrdU) (Sigma-Aldrich, USA) was also added in the culture medium 
for the final concentration of 5 µM. 

 
3.5.1.4 Cell culture harvesting and staining 

          Cells were harvested at 76 h after initiation and were 
continually treated with hypotonic solution and fixed with Carnoy’s fixative solution.  
Slides were prepared and stained with the fluorescent plus Giemsa technique 
according to our previous protocol (89).  First, slides were placed in aluminum foil 
covered Coplin jars containing 40 ml of 12.5 mg/mL Bisbenzimide (Hoechst 33258) 
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Aqueous solution (Sigma-Aldrich, USA) for 30 min. Then, they were rinsed serially 
through distilled water and mounted with a few drops of McIlvane’s buffer using a 
coverslip for each slide. Slides were then placed on a slide heater and exposed to UV 
light for 30 min.  After the UV exposure, the cover slips were removed.  Slides were 

washed thoroughly with distilled water and then stained with a 10% aqueous solution 
of Giemsa (Biotech reagents, Thailand) for 10 min.  Slides were air-dried and mounted 
with permount mounting medium. 

 
3.5.1.5 Cell scoring 

  Twenty-five cells per dose per experiment showing the second 
metaphase-staining pattern were scored from the coded slides for frequencies of sister 
chromatid exchange (SCE) to determine the genotoxic effects. The proliferation index 
(P.I.) and mitotic index (M.I.) were evaluated for their cytotoxic effect.  The M.I. was 
determined as the number of all mitotic cells/1,000 cells. The P.I. was determined as 
(MI+2MII+3MIII)/100 cells, where MI is the number of metaphase cells from the first 
phase of the cell cycle (homogeneously-stained chromatids), MII is the number of 
metaphase cells from the second phase of the cell cycle (heterogeneously-stained 
chromatids), and MIII is the number of metaphase cells from the third phase of the 
cell cycle (mixed homogenously-stained and heterogeneously-stained chromatids).  
Two to three independent experiments were performed for each concentration of the 
treated compounds.  

 
3.5.1.6 Statistical analysis 

          A square root transformation of the SCE data was required to 
stabilize the variances, according to the procedures of Whorton et al., 1985 (90). The 
frequency of transformed SCE was expressed as a square root of SCE.  Dunnett’s t-test 
was performed to analyze the difference between the means of the treated groups 
and the means of the control groups using the transformed data.  Transformed SCE 
was expressed with the equation:  

Transformed SCE (SCET) = √SCE  
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3.5.2 Antiproliferative effects of RJ treatments for 24 h on human 
lymphocytes detected by MTS assay 

       Human lymphocytes, cells were cultured in RPMI medium containing 
10% fetal calf serum, 1% of penicillin/streptomycin, 2% phytohaemagglutinin and 1% 

L-glutamine in a 5% CO2 incubator at 37 C for 24 h.  Then, lymphocyte cells (50,000 

cells) were treated with RJ (0.0005-5 mg/mL) for 24 h at 37 C.  To determine cell 
viability, the CellTiter 96® AQueous One Solution Cell Proliferation MTS Assay kit was 
used. Briefly, 20 µL of the MTS tetrazolium compound [3-(4,5-dimethylthiazol- 2-yl) -
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazoliumre agent was added to 

each cell culture well containing treated cells in 100 µL medium, incubated at 37 C 
for 2 h in a humidified 5% CO2 incubator.  The MTS was reduced by NADH or NADPH 
which produced by metabolically active cells.  The formazan products were formed 
and measured by the absorbance at 490 nm with a PowerWave™ XS microplate 
spectrophotometer and calculated for the % cell viability (91) (92).  

% cell viability = (At)/ (Ac) x100 
 At : the absorbance of the treated well   
Ac  : the absorbance of control well 
The IC50 value which is the concentration of sample required to inhibit 

50% of the cell proliferation, was calculated by using the GraphPad software. 
 
3.5.3 Analysis of pivotal gene expression: h-TERT, c-MYC, BCL2, BAX, 

NRF2, HO-1, cyclin E1, and cyclin B1 induced by RJ treatments for 24 h on human 
lymphocytes detected by Western blot analysis 

       Human lymphocytes cells were treated with 0.0005-5 mg/mL of RJ 
for 24 h.  Then, cells were washed twice with PBS buffer. The protein extracts were 
prepared by lysing 107 cells in RIPA lysis buffer containing protease inhibitor cocktail 
set I (500 µM 4-benzenesulfonyl fluoride hydrochloride (AEBFS), hydrochloride (HCl), 
150 nM aprotinin, bovine lung, crystallin, 1 µM E-64 protease inhibitor, 0.5 nM disodium 
EDTA (C10H14N2Na2O8), 1 µM leupeptin hemisulfate (C20H38N6O4 • 1/2H2SO4)).  The lysate 
was centrifuged at 10,000 xg for 10 min, and the supernatant was recovered.  Protein 
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quantification was carried out following the Bradford protein assay kit (Bio-Rad, USA). 
Protein samples (50 µg) were boiled for 5 min in a sodium dodecyl sulfate (SDS) buffer 
and separated on 10% SDS-polyacrylamide denaturing gel electrophoresis (SDS-PAGE) 
according to the method of Laemmli (93).  For Western blot analysis, the proteins were 
blotted onto nitrocellulose membrane. The blots were blocked by incubation in 
Odyssey blocking buffer for 1 h.  After a brief rinse, blots were incubated overnight in 
TBST-blocking buffer with corresponding rabbit antibody e.g. rabbit anti-p53, anti-BAX, 
anti-BCL2, anti-c-MYC, anti-cyclin D1, anti cyclin-E1, anti-cyclin B1, anti-NRF2, anti-
hTERT, and anti-HO-1.  Rabbit anti-β-actin polyclonal antibody were used as an internal 
control.  Blots were washed three times with TBST, incubated with LI-COR IRDye 680 
mouse anti-rabbit (1:10,000) in TBST for 1h at room temperature and washed again.  
The protein bands were visualized using Odyssey Fc Imager (LI-COR, USA). 

 

3.5.4 Analysis of glutathione peroxidase (GPx) activities induced by RJ 
treatments on human lymphocytes for 24 h 

        The activity of glutathione peroxidase (GPx) was measured by using 

glutathione Peroxidase (GPx) Assay kit (Cayman Chemical, USA).   Human lymphocyte 
cells were treated with RJ (0.0005-5 mg/mL) for 24 h.  The treated cells were washed 
in phosphate buffer. Then, the cells were homogenized in 1 mL cold buffer, which 
consisted of 50 mM Tris-HCl, pH 7.5, 5 mM EDTA, 1 nM dithiothreitol (DTT).  The 

homogenate was centrifuged at 10,000x g for 15 min at 4 C.  The supernatant was 
removed for the assay.  GPx activity was indirectly measured through a coupled 
reaction with glutathione reductase. Oxidized glutathione (GSSG) was produced upon 
reduction of hydroperoxide by GPx, and was recycled to its reduced state by 
glutathione reductase (GR) and NADPH.  The oxidation of NADPH to NADP+ is presented 
by a decrease in absorbance at 340 nm. Under conditions in which the GPx activity is 
rate limiting, the rate of decrease in the A340 is directly proportional to the GPX activity 
in the sample. The assay was performed according to the manufacturer’s instructions 
and the GPx activity was be calculated using two formula.  
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Time 1 represents absorbance at 0 min, Time 2 is the absorbance at 5 min 

and A340/min refers to the change in absorbance per minute obtained from the 
standard curve.  Thus, the activities of GPx in the samples were determined by 
following formula: 

 

 
 One unit is defined as the amount of enzyme that caused the oxidation 

of 1.0 nmol of NADPH to NADP+ per min at 25 C. 
 
3.5.5 Antigenotoxic effects of RJ, DM, LE, and 10-H2DA treatments 

against DXR on human lymphocytes detected by in vitro sister chromatid 
exchange (SCE) assay         

 
3.5.5.1 Cell culture 

 Twenty-four hours after the initiation of the culture, 
lymphocytes were centrifuged to obtain packed cells.  The supernatant medium was 
removed and saved for reuse.  The lymphocytes were pretreated with RJ (0.0005-5 
mg/mL), EE (0.00025-2.5 mg/mL), DM (0.0005-5 mg/mL) and 10-H2DA (0.0125-125 

µg/mL) in plain RPMI 1640 culture medium for two hours at 37 C.  Following 
centrifugation, the supernatant medium was discarded. The incubation of the treated 

cells was then treated with 0.1 µg/mL DXR at 37 C for two hours.  Then the treated 
medium was discarded after centrifugation and culturing of the treated cells were 
continued with the previously saved medium and with 5 µM BrdU in the dark.  As a 
positive control, the lymphocytes were simultaneously treated with plain RPMI 1640 
culture medium for two hours followed by DXR for two hours. As a solvent control, 
DMSO was cultured for two hours followed by DXR for two hours.  As a negative 
control, treatments were made with either plain RPMI 1640 or DMSO for two hours 
followed by plain RPMI 1640 for two hours.  

           =  
(             −              )

(          −          )
 

              =
         

 .    𝟕  µ 𝐌− 
 ×  

 .  𝟗  𝐥

 .     𝐥 
   𝐒  𝐩𝐥  𝐝 𝐥𝐮  𝐨  
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3.5.5.2 Cell harvesting and staining 
 Cells were harvested as described in 3.5.1.4 except that 

harvesting was done at 96 h after initiation because of cell cycle.  The fluorescent plus 
Giemsa technique was also performed for staining as described in 3.5.1.4. 

3.5.5.3 Cell scoring 
 Twenty-five cells per dose per experiment showing the second 

metaphase-staining pattern were scored from the coded slides for frequencies SCE to 
determine its antigenotoxic effect.  The M.I. and P.I. were also determined as described 
in 3.5.1.5. 

3.5.5.4 Statistical analysis 
 The frequency of transformed SCE was expressed as a square 

root of SCE.  Dunnett’s t-test was performed to analyze the difference between the 
means of the treated groups and the means of the control groups using the 
transformed data as described in 3.5.1.6. 

 
3.5.6 Proliferative activities of RJ co-treatments with DXR for 24 h on 

human lymphocytes detected by MTS tetrazolium assay 
       Human lymphocytes, cells were cultured in RPMI medium containing 

10% fetal calf serum, 1% of penicillin/streptomycin, 2% phytohaemagglutinin and 1% 

L-glutamine in a 5% CO2 incubator at 37 C for 24 h.  Then, lymphocyte cells (50,000 

cells) were co-treated with RJ (0.0005-5 mg/mL) and 0.2 µg/mL for 24 h at 37 C.  To 
determine cell viability, the CellTiter 96® AQueous One Solution Cell Proliferation MTS 
Assay kit (Promega, USA) was used as described in 3.5.2. 

 
3.5.7 Analysis of pivotal gene expressions: h-TERT, c-MYC, BCL2, BAX, 

NRF2, HO-1, cyclin E1, and cyclin B1 induced by RJ co-treatments with DXR for 24 
h on human lymphocytes by Western blot 

 Human lymphocytes cells were co-treated with RJ (0.0005-5 mg/mL) 
and 0.2 µg/mL DXR for 24 h.  Then, cells were washed twice with PBS buffer and 
analysis of pivotal gene with procedure as described in 3.5.3.  

Ref. code: 25605511301011VIB



34 
 

3.5.8 Analysis of GPX activities induced by RJ co-treatments with DXR 
on human lymphocytes for 24 h 

 For glutathione peroxidase assay, human lymphocyte cells were co-
treated with RJ (0.0005-5 mg/mL) with 0.2 µg/mL DXR for 24 h.  The activity of GPx was 
measured by using glutathione peroxidase (GPx) Assay kit (Cayman Chemical, USA) as 
described in 3.5.4. 

 
3.6 Analysis of the effects of 10-H2DA on MCF-7 breast cancer cells 

 
3.6.1 Proliferative activities of 10-H2DA for 24 h on MCF-7 breast 

cancer cell line detected by MTS tetrazolium assay 
         The MCF-7 cells were cultured in MEM medium with glutamine 

containing 10% fetal calf serum, 1 mM sodium pyruvate, 1% of penicillin/ streptomycin 

at 37 C in a 5% CO2 incubator.  MCF-7 cells were seeded into 96-well plates at a 
density of 5×103 per well (100 µL) for 24 h then cells were treated with the 10-H2DA 

(1.25, 12.5 and 125 µg/mL) for 24 h at 37 C.  Subsequently, the CellTiter 96® AQueous 
One Solution Cell Proliferation Assay kit (Pormega, USA) was applied following the 
manufacturer's instruction.  Briefly, 20 µL of the MTS reagent was added to each well 

containing 100 µL of the medium.  After that, the plate was incubated at 37 C for 2 
h in a humidified and 5% CO2 incubator.  The absorbance was detected at 490 nm 
with a microplate spectrophotometer and calculated the percentage of cell viability 
as following formula. 

% cell viability = (At)/ (Ac) x100 
 At : the absorbance of the treated well  
 Ac : the absorbance of control well 
To investigate cytotoxic effects of 10-H2DA against MCF-7 breast cancer 

cells according to National Cancer Institute (NCI), USA (94) , further analysis of 50% 
growth inhibition (GI50), total growth inhibition (TGI), and 50% lethal concentration 
(LC50) values were determined according to the protocol by Holbeck, et al., 2010 (97).  
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In order to evaluate these GI50, TGI, and LC50 values, MCF-7 Cells were 
cultured for 24 h and called time zero density. Then, cells were treated with 10-H2DA 
(1.25, 12.5, 50, 125 and 250 µg/mL) for 24 h and measured the percentage of viable 
cells compared to the time zero density.  Growth percent of 100 corresponds to growth 
seen in untreated cells. Growth percent of 50 corresponds to 50% growth (50% 
inhibition). Growth percent of 0 indicates no growth (TGI: total growth inhibition). 
Growth percent of -50 indicates lethality in 50% of the starting cells (LC50) (97).  

The percentages of cell survival were calculated by following formular. 

 
T = Average O.D. of treated with 10-H2DA for 24 h 
T0 = Avergae O.D. at 0 h 
C = Average O.D. of cells treated with only media for 24 h 
 
3.6.2 Analysis of pivotal gene expressions: h-TERT, c-MYC, BCL2, BAX, 

NRF2, HO-1, cyclin E1, and cyclin B1 induced by 10-H2DA for 24 h on MCF-7 breast 
cancer cell line 

        MCF-7 cells were treated with various concentrations of 10-H2DA 
(1.25, 12.5 and 125 µg/mL). Then, the treated cells were washed twice with PBS buffer. 
The protein extracts were prepared by lysing 1x107 cells in RIPA lysis buffer containing 
protease inhibitor cocktail set I (500 µM 4-benzenesulfonyl fluoride hydrochloride 
(AEBFS), hydrochloride (HCl), 150 nM aprotinin, bovine lung, crystallin, 1 µM E-64 
protease inhibitor, 0.5 nM disodium EDTA (C10H14N2Na2O8), 1 µM leupeptin hemisulfate 
(C20H38N6O4 • 1/2H2SO4)). The lysate was centrifuged at 10,000 xg for 10 min, and the 
supernatant was recovered. Protein quantification was carried out following the 
Bradford protein assay kit (Bio-Rad, USA).  Protein samples (50 µg) were boiled for 5 
min in a sodium dodecyl sulfate (SDS) buffer and separated by 10% SDS-
polyacrylamide denaturing gel electrophoresis (SDS-PAGE) method of Laemmli.  Then, 
the protein extracts were analyzed for the levels of h-TERT, c-MYC, BCL2, BAX, NRF2, 
HO-1, cylin E1, cylin B1  by Western blot as previously described in 3.5.3.  
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3.6.3 Analysis of cell cycle progression induced by 10-H2DA 
treatments for 24 h on MCF-7 breast cancer cells by flow cytometer  

 To determine the cell cycle distribution, 1x105 of MCF-7 cells were 

grown for 24 h at 37 C with 5% CO2. Then, the cells were treated with various 
concentrations of 10-H2DA (1.25, 12.5 and 125 µg/mL) for 24 h.  Subsequently, the 

cells were harvested, washed with PBS and fixed in 70% cold ethanol at -20 C.  The 
cells were left to stand overnight and then collected by centrifugation at 500 rpm for 
min.  Next, the cells were stained with propidium iodide/ribonuclease staining buffer 
and incubated at room temperature for 20 min. The cell cycle distribution were 
measured with Guava EasyCyteTM Flow Cytometer (Millipore) and the percentage of 
cells in the Sub G1, G0/G1, S, and G2/M phases of the cell cycle were determined 
using GuavaSoft software (95). 

 
3.6.4 Analysis of cell apoptosis induced by 10-H2DA treatments for   

24 h on MCF-7 breast cancer cells by flow cytometer 
         For apoptosis analysis, 1×105 MCF-7 breast cancer cells were seeded 

into 25 cm2 flask overnight before treated with 10-H2DA (1.25, 12.5 and 125 µg/mL) 
for 24 h. Harvesting of cells included a collection of attached cells following 
trypsinization and floating cells, which were combined in the sample for processing. 
An Annexin V-FITC Apoptosis Detection kit I (BD Biosciences, USA) was applied as 
described by the manufacturer's protocol.  Briefly, cells were washed twice with cold 
PBS and then resuspended cells in 1x binding buffer.  The 10-H2DA treated cells were 
added with 5 µl FITC Annexin V and 5 µL PI and incubated at room temperature for 
15 min in the dark.  Then, cells were added with 400 µL of 1x binding buffer and 
analyzed immediately by Guava EasyCyteTM Flow Cytometer (Millipore, USA). Annexin 
V binds to the membrane phosphatidylserine(7) that flips from the inside to the surface 
of the membrane when apoptosis occurs.  Propidium iodide stains the dead cells as it 
permeates damaged membrane.  Annexin V and propidium iodide negative stained 
cells means viable cells. Annexin V positive and propidium iodide negative stained 
cells indicates early apoptosis with intact membranes.  Annexin V and propidium iodide 
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positive stained cells shows end stage apoptosis and death.  Annexin V negative and 
propidiumiodide positive stained cells demonstrates cell necrosis. 

 
3.6.5 Morphological changes induced by 10-H2DA treatments for 24 h 

on MCF-7 breast cancer cells detected by Hoechst 33258 and propidium iodide 
double staining under fluorescence microscope 

       MCF-7 cells were grown on tissue culture plate and treated with MEM 
medium control, 1.25-125 µg/mL 10-H2DA and 1 µM DXR for 24 h.  After 24 h, the cells 
were harvested, washed with cold PBS and adjusted to a density of 5 × 105 cells/mL. 
Then, treated cells were incubated with 10 µg/mL Hoechst 33258 staining solution at 

37 C in a CO2 incubator for 7min and counterstained with 2.5 µg/mL PI for 15 min in 
the dark.  Then aliquot of cell suspension was placed onto a glass microscopic slides.  
The slides were observed immediately under fluorescence microscope (Eclipse-Ci 
Nikon, USA) (96). 

 
3.6.6 Proliferative activities of 10-H2DA in combination with DXR for 24 

h on MCF-7 breast cancer cell line detected by MTS tetrazolium assay 
        The MCF-7 cells were cultured in MEM medium with glutamine 

containing 10% fetal calf serum, 1 mM sodium pyruvate, 1% of penicillin/streptomycin 

at 37 C in a 5% CO2 incubator.  MCF-7 cells were seeded into 96-well plates at a 
density of 5×103 per well (100 µl) for 24 h then cells were treated with the 10-H2DA 

(1.25, 12.5 and 125 µg/mL) and 1 µM DXR for 24 h at 37 C.  Subsequently, the CellTiter 
96® AQueous One Solution Cell Proliferation Assay kit (Promega, USA) was applied 
following the manufacturer's instruction. Briefly, 20 µl of the MTS reagent was added 
to each well containing 100 µl of the medium.  After that, the plate was incubated at 

37 C for 2 h in a humidified in a 5% CO2, humidified incubator.  The absorbance was 
detected at 490 nm with a microplate spectrophotometer and calculated the 
percentage of cell viability as previously described in 3.6.1. 
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3.6.7 Analysis of pivotal gene expressions: h-TERT, c-MYC, BCL2, BAX, 
NRF2, HO-1, cyclin E1, and cyclin B1 induced by 10-H2DA in combination with DXR 
for 24 h on MCF-7 breast cancer cell line 

 MCF-7 cells were co-treated with 10-H2DA (1.25, 12.5 and 125 
µg/mL) and 1 µM (0.54 µg/mL) DXR for 24 h.  After treatment, cells were washed with 
PBS and extracted for proteins using RIPA lysis buffer.  Then, the protein extracts were 
analyzed for the levels of h-TERT, c-MYC, BCL2, BAX, NRF2, HO-1, cylin E1, cylin B1  by 
Western blot as previously described in 3.6.2. 

 
3.6.8 Analysis of cell cycle progression induced by 10-H2DA 

treatments in combination with DXR for 24 h on MCF-7 breast cancer cells by 
flow cytometer  

 To determine the cell cycle distribution, 1x105 of MCF-7 cells were 

grown for 24 h at 37 C with 5% CO2. Then, the cells were co-treated with various 
concentrations of 10-H2DA (1.25, 12.5 and 125 µg/mL) and 1 µM DXR for 24 h.  
Subsequently, cell cycle progression was analyzed for the ratios of sub G1, G0/G1, S 
and G2/M phases by flow cytometer as previously described in 3.6.3. 

 
3.6.9 Analysis of cell apoptosis induced by 10-H2DA treatments in 

combination with DXR for 24 h in MCF-7 breast cancer cells by flow cytometer 
using apoptosis assay kit (BD Bioscience, USA) 

 For apoptosis analysis, 1×105 MCF-7 breast cancer cells were seeded 
into 25 cm2 flask overnight before co-treated with 10-H2DA (1.25, 12.5 and 125 µg/mL) 
and 1 µM DXR for 24 h. Then, cells were harvested, washed and stained with FITC 
annexin V and PI.  The percentages of live, early apoptosis, late apoptosis and necrosis 
were analyzed by flow cytometer as previously described in 3.6.4. 
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3.6.10 Morphological changes induced by co-treatments of 10-H2DA 
and DXR for 24 h on MCF-7 breast cancer cells detected by Hoechst 33258 and 
propidium iodide double staining under fluorescence microscope 

         MCF-7 cells were grown on tissue culture plate and co- treated with 
1.25-125 µg/mL 10-H2DA and 1 µM DXR for 24 h.  Then, all treated cells were 
harvested, washed and double stained with Hoechst 33258 and PI.  Morphological 
changes were detected under fluorescence microscope as previously described in 
3.6.5. 
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CHAPTER 4  

RESULTS 

 
4.1 Analysis of general chemical compositions and pH of RJ 
 

Analysis RJ composition Frozen RJ produced by honeybees (Apis mellifera) 
was purchased from an apiary company (Chiang Mai, Thailand) certified by the Ministry 
of Industry, Thailand. Carbohydrate, protein, ash and moisture contents in RJ were 
measured using AOAC methods (82). 

 
4.1.1 Analysis of general compositions in RJ 
       The frozen RJ samples from Chiangmai, northern Thailand had pH 4.0 

with approximately 65% moisture, 2.5% lipids, 2.2% proteins, 0.2% fiber, no ash and 
32% carbohydrates (%w/w). Our current samples had lower nutrient contents, 
especially proteins, lipids, and carbohydrates, compared to that of our previous report 
using fresh RJ from the same area, Chiangmai, northern Thailand, which had pH 3.5, 
67.4% moisture, 12.1% carbohydrate, 4% lipid, 12% proteins and 1% ash (97). The 
compositions of RJ from Romania and Bulgaria also reported a higher amount of 
protein contents at 13% and 15.5%, respectively, and both had pH 3.9 (98). 

 
4.1.2 Quantitative analysis of 10-H2DA in RJ and EE by HPLC 
        The retention times of 10-H2DA, RJ and EE were found to be about 

20.38, 21.10 and 20.44 min respectively by our HPLC system (Figure 4.1 and 4.2). The 
amount of 10-H2DA in RJ and EE was 0.8% and 2.4% (w/w), respectively.  
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Figure 4.1 HPLC chromatogram. (a)10-H2DA standard, (b) a RJ sample (c) spike of 10-
H2DA standard with RJ sample  
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Figure 4.2 HPLC chromatogram. (a) 10-H2DA standard, (b) an EE sample (c) spike of  
10-H2DA standard with EE sample 
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A standard curve of 10-H2DA was constructed from concentrations of 10-
H2DA versus the peak area, as shown in the Figure 4.3.  A linear relationship was found 
in the concentration of 10-H2DA ranging from 25 to 300 µg/mL (r2=0.999).  

 
Figure 4.3 A standard curve of standard 10-H2DA determined by HPLC 

 
The calculated area of 10-H2DA peak of RJ and EE showed that the amount 

of 10-H2DA in RJ and EE were 0.82% and 2.42% (w/w) respectively. 
 

4.2 Analysis of antioxidant properties of RJ 
 
4.2.1 Determination of total phenolic content, total flavonoid content 

and antioxidant activity in the RJ samples 
      Total phenolic acid of the RJ sample was 1.8 ± 0.5  mg gallic acid/g RJ.  

The results showed that the content of flavonoids was 0.9+0.08 mg gallic acid /g RJ.  
The antioxidant activity of the RJ sample was approximately 17.9  ±  1.9  µM Trolox 
equivalent antioxidant capacity (TEAC)/g RJ, Trolox EC50  =  1103  µM. 
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4.3 Effects of RJ, DM, EE, and 10-H2DA treatments on human lymphocytes 
 

4.3.1 Genotoxic studies on human lymphocytes by in vitro SCE assay 
4.3.1.1 Genotoxic and cytotoxic study of RJ, DM, EE, and 10-H2DA 

(1) Genotoxic study of RJ treatments for 3 h 
    Treatments with RJ at 0.0005, 0.005, 0.05, and 0.5 mg/mL for 
3 h were not genotoxic to human cells but the 5 mg/mL treatment induced 
genotoxicity by a 1.4-fold increase, compared to that of RPMI negative control (p<0.05) 
(Figure 4.4).  Treatment of 2% V/V DMSO, a solvent control, showed a slight increase 
in SCE levels but there was no significant difference from that of  the RPMI control. 
The SCE level induced by DXR treatment (0.1 µg/mL), a positive control, was a 2-fold 
increase (p<0.05). There was no significant difference between M.I. and P.I. among 
treatments (Table 4.1) indicating no cytotoxicity induced by all RJ treatments. However, 
there was a slight delay of cell cycle progression from MI to MII caused by the low 
dose of 0.0005 mg/mL RJ treatment (Figure 4.5).  Cell cycle delay was also induced by 
2% V/V DMSO solvent and DXR positive control. It is noteworthy that serial dilution of 
RJ (dissolved in DMSO) with RPMI solvent was prepared and therefore, the 
concentration of DMSO in RJ at 0.0005 mg/mL was 10,000 times diluted.  
Consequently, the effect of cell cycle delay resulted from RJ itself while the DMSO 
had little effect. RJ treatments at higher doses showed relatively higher cell cycle 
progression (higher MII cells than MI cells) as compared to that of the RPMI control. 
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Figure 4.4 Transformed SCE induced by various concentrations of RJ treatments on 
human lymphocytes for 3 h 
 **p < 0.05 significantly different from the DXR-treated positive control 
 ##p < 0.05 significantly different from the RPMI-treated negative control 
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Table 4.1. M.I. and P.I. induced by various concentrations of RJ treatments on human 
lymphocytes (n = 3) 

RJ (mg/mL) 
M.I. 

(mean ± SE) 
P.I. 

(mean ± SE) 
0 19.0 ± 2.0 2.7 ± 0.3 
2% V/V DMSO 18.5 ± 0.5 2.4 ± 0.0 
0.0005 21.0 ± 2.5 2.5 ± 0.0 
0.005 18.0 ± 1.0 2.6 ± 0.2 
0.05 17.5 ± 2.5 2.6 ± 0.2 
0.5 14.0 ± 1.0 2.2 ± 0.2 
5 17.0 + 4.0 2.6 ± 0.6 
0.1 µg/mL DXR 12.0 ± 3.0 1.6 ± 0.3 

 

 
Figure 4.5 Effects on cell cycle progression induced by various concentrations of RJ 

treatments on human lymphocytes for 3 h (mean  SE); MI and MII were the number 
of metaphase cells in the first and the second phase of the cell cycle, respectively (n 
= 3)  
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(2) Genotoxic study of DM treatments for 3 h 
     Treatments with DM at 0.0005, 0.005, and 0.05 mg/mL for 3 h 

had no genotoxicity to human cells but the 0.5 and 5 mg/mL treatments induced 
genotoxicity by a 1.4-fold increase compared to that of RPMI negative control (p<0.05) 
(Figure 4.6). The SCE level induced by DXR treatment (0.1 µg/mL), a positive control, 
was a 2-fold increase (p<0.05).  There was no significant difference between M.I. and 
P.I. among treatments (Table 4.2) indicating no cytotoxicity was observed.  However, 
there was a trend of enhancing cell cycle progression at 5 mg/mL (higher MII) whereas 
DXR treatment showed cell cycle delay (Figure 4.7). 

  
Figure 4.6 Transformed SCE induced by various concentrations of DM treatments on 
human lymphocytes for 3 h  

**p < 0.05 significantly different from the DXR-treated positive control 
##p < 0.05 significantly different from the RPMI-treated negative control  
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Table 4.2  M.I. and P.I. induced by various concentrations of DM treatments on human 
lymphocytes (n = 3) 

DM (mg/mL) 
 M.I. 

(mean ± SE) 
P.I. 

(mean ± SE) 
0  19.0 ± 2.0 2.7 ± 0.3 
0.0005  17.5 ± 0.7 2.9 ± 0.5 
0.005  20.0 ± 4.2 2.9 ± 0.6 
0.05  20.0 ± 5.6 3.1 ± 0.9 
0.5  15.0 ± 0.0 2.3 ± 0.0 
5  17.5 ± 6.3 2.9 ± 1.3 
0.1 µg/mL DXR  12.0 ± 4.2 1.6 ± 0.4 

 
 

 
Figure 4.7  Effects on cell cycle progression induced by various concentrations of DM 

treatments on human lymphocytes for 3 h (mean  SE); MI and MII were the number 
of metaphase cells in the first and the second phase of the cycle, respectively (n = 3)  
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(3) Genotoxic study of EE treatments for 3 h 
     Treatments with EE at 0.00025, 0.0025, 0.025, and 0.25 mg/mL 

for 3 h had no genotoxicity to human cells but the 2.5 mg/mL treatment slightly 
induced genotoxicity by a 1.2-fold increase compared to that of RPMI negative control 
(p<0.05) (Figure 4.8).  The SCE level induced by DXR treatment (0.1 µg/mL), a positive 
control, was a 2-fold increase (p<0.05). There was no significant difference between 
M.I. and P.I. among treatments (Table 4.3) indicating no cytotoxicity was observed.  
However, there was a trend of enhancing cell cycle progression at the doses of (0.025-
2.5 mg/mL) but not at the highest dose of  2.5 mg/mL.  DXR treatment showed cell 
cycle delay (Figure 4.9). 

  
Figure 4.8  Transformed SCE induced by various concentrations of EE treatments on 
human lymphocytes for 3 h  
**p < 0.05 significantly different from the DXR-treated positive control  
##p < 0.05 significantly different from the RPMI-treated negative control  
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Table 4.3  M.I. and P.I. induced by various concentrations of EE treatments on human 
lymphocytes (n = 3) 

EE (mg/mL) 
M.I. 

(mean ± SE) 
P.I. 

(mean ± SE) 
0 19.0 ± 2.0 2.7 ± 0.3 
2% V/V DMSO 18.5 ± 0.7 2.4 ± 0.0 
0.00025 23.5 ± 6.3 3.6 ± 1.2 
0.0025 16.5 ± 4.9 2.3 ± 0.6 
0.025 17.5 ± 6.3 2.6 ± 0.9 
0.25 25.0 ± 2.8 4.0 ± 0.7 
2.5 22.5 ± 2.1 3.3 ± 0.4 
0.1 µg/mL DXR 12.0 ± 4.2 1.6 ± 0.4 

  
Figure 4.9 Effects on cell cycle progression induced by various concentrations of EE 

treatments on human lymphocytes for 3 h (mean  SE); MI and MII were the number 
of metaphase cells in the first and the second phase of the cell cycle, respectively  
(n = 3)  
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(4) Genotoxic study of 10-H2DA treatments for 3 h 
     Treatments with 10-H2DA at 0.125, and 1.25 µg/mL for 3 h did 

not induce genotoxicity but 12.5 and 125 mg/mL treatments slightly induced 
genotoxicity by 1.3 and 1.6-fold increase (p<0.05).  The SCE level induced by DXR 
treatment (0.1 µg/mL), a positive control, was a 2-fold increase (p<0.05) (Figure 4.10). 
There was no significant difference between M.I. and P.I. among treatments, however, 
there was a trend of dose-dependent decrease in M.I. and P.I. (Table 4.4).  The number 
of metaphase cells in MII was lower than in MI especially at the lowest dose, of 0.125 
µg/mL and at the highest dose, of 125 µg/mL 10-H2DA treatments as well as the DXR 
control treatment indicating effects on cell cycle delay (Figure 4.11). 

 

 
Figure 4.10 Transformed SCE induced by various concentrations of 10-H2DA 
treatments on human lymphocytes for 3 h  

** p < 0.05 significantly different from the DXR-treated positive control  
## p < 0.05 significantly different from the RPMI-treated negative control  
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 Table 4.4  M.I. and P.I. induced by various concentrations of 10-H2DA treatments on 
human lymphocytes (n = 3) 

10-H2DA (µg/mL) 
M.I. 

(mean ± SE) 
P.I. 

(mean ± SE) 
0 19.0 ± 2.0 2.7 ± 0.3 
2% V/V DMSO 18.5 ± 0.7 2.4 ± 0.0 
0.125 16.5 ± 2.1 1.9 ± 0.1 
1.25 14.0 ± 7.0 1.8 ± 0.7 
12.5 13.5 ± 0.7 2.0 ± 0.3 
125 11.0 ± 1.4 1.4 ± 0.4 
1,250 0 0 
0.1 µg/mL DXR 12.0 ± 4.2 1.6 ± 0.4 

 
Figure 4.11 Effects on cell cycle progression induced by various concentrations of 10-

H2DA treatments on human lymphocytes for 3 h (mean  SE); MI and MII were the 
number of metaphase cells in the first and the second phase of the cell cycle, 
respectively (n = 3)   
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4.3.1.2 Antiproliferative effects of RJ treatments for 24 h by MTS 
assay 

          As shown in Figure 4.12, treatments of various concentrations 
of RJ (0.0005–5 mg/mL) for 24 h significantly decreased cell viability to 78–75% with a 
slight dose-dependent manner (p< 0.05), compared to the untreated medium control. 
DXR significantly decreased cell viability to 76%. 

 

.  
Figure 4.12 The relative cell viability in response to various concentrations of RJ 
treatments for 24 h on human lymphocytes (n = 3), **P < 0.05 significantly different 
from the RPMI-treated negative control 

  

0 0 .0 0 0 5 0 .0 0 5 0 .0 5 0 .5 5 0 .2   g /m L

D X R

0

2 0

4 0

6 0

8 0

1 0 0

C o n c e n tra t io n  o f  R J  (m g /m L )

%
 C

e
ll

 v
ia

b
il

it
y

 (
m

e
a

n
 +

/-
 S

.E
.)

* *

* *
* *

* * * * * *

Ref. code: 25605511301011VIB



54 
 

4.3.1.3 Analysis of pivotal gene expressions induced by RJ 
treatments for 24 h by Western blot analysis 

(1) Analysis of cell cycle regulatory proteins: cyclin E1 and 
cyclin B1 

     There were bell-shaped curves for cyclin E1 and cyclin B1 
responses to various doses of RJ treatments for 24 h (Figure 4.13). Cyclin E1 and cyclin 
B1 levels increased to an optimum at 0.05 mg/mL RJ treatment. Also, most of the 
treated cells had much higher cyclin E1 than cyclin B1 (Figure 4.14), suggesting that 
most of the treated cells progressed from G1 to S phases. 

 
 

 
 
Figure 4.13  Representative Western blot analysis of cyclin E1 and cyclin B1 protein 
levels in response to various concentrations of RJ treatments on human lymphocytes 
for 24 h; 0.2 µg/mL DXR was used as a positive control 
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(a) 

 
 
(b) 

 
Figure 4.14  (a) Relative intensity of bands (fold change) and (b) Expression level of 
cyclin E1 and cyclin B1 (mean ± SE) in response to various concentrations of RJ 
treatments for 24 h on human lymphocytes (n = 3) 
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(2) Analysis of gene expression of h-TERT, c-MYC, BCL2, BAX, 
NRF2, and HO-1 

     As shown in Figure 4.15 and 4.16, there was a 2.3-fold increase 
of hTERT (optimum at 0.05 mg/mL RJ), followed by a slow decrease. The level of c-
MYC protein tended to have a slight dose-dependent decrease (from 1.0-fold to 0.5-
fold) with all doses from 0.0005 to 5 mg/mL. For BCL2 and BAX, 0.05 mg/mL RJ 
treatment increased BCL2 and BAX to maximum levels at 1.3-fold and 1.8-fold, 
respectively. There was a trend of dose-dependent increase in NRF2 (from 1.0-fold to 
1.6-fold). However, the levels of HO-1 tended to decrease (from 1-fold to 0.4-fold) as 
the dose increased. In contrast, DXR treatment decreased all hTERT (0.9-fold), c-MYC 
(0.7-fold), BCL2 (0.9-fold), NRF2 (1.0-fold) and HO-1(0.6-fold), except increased BAX (1.4-
fold). 

 

 
 

Figure 4.15   Representative Western blot analysis of hTERT, c-MYC, BCL2, BAX, NRF2 
and HO-1 protein levels in response to various concentrations of RJ treatments on 
human lymphocytes for 24 h; 0.2 µg/mL DXR was used as a positive control  
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(a) 

 
(b) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.16 (a) Expression level of hTERT, c-MYC, BCL2, BAX, NRF2 and HO-1 in 
response to various concentrations of RJ treatments on human lymphocytes for 24 h 

(mean  SE); 0.2 µg/mL DXR was used as a positive control (n=3) and (b) Relative 
intensity of bands (fold change)  
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To validate the overall effects of RJ on certain regulatory protein levels, 
we expressed h-TERT, c-MYC, BCL2, HO-1 and NRF2 levels in a relationship with BAX 
as follows: hTERT/BAX, C-MYC/BAX, BCL2/BAX, HO-1/BAX and NRF2/BAX (Figure 4.17). 
Such evaluation reflects health or weakness (death) in treated cells similar to BCL2/ 
BAX, a rheostat that regulates life and death. Alternatively, BAX level was used as an 
internal control to compare different levels of regulatory proteins. As shown in Figure 
4.17, the results demonstrated that there were dose-dependent decreases of C-
MYC/BAX, BCL2/BAX, NRF2/BAX (only at 0.0005–0.5 mg/mL RJ) and HO-1/BAX ratios 
with a high correlation coefficient (r) equal to (-0.9) to (1) (Table 4.5).  It indicated that 
the higher the concentration, the lower the ratios of cell proliferation, cell survival and 
antioxidative enzyme over cell death, or vice versa. For hTERT/BAX, all doses of RJ 
treatments increased hTERT/BAX without dose-dependency. It remained high at 
approximately 1.2-fold (range from 1.3- to 1.1- fold), proposing a longevity potential. 
The correlation coefficient of h-TERT/BAX was -0.37 (Table 2) suggesting its value was 
relatively stable. The exception was the NRF2/BAX ratio in which there was a dose-
dependent decrease (1.0-fold to 0.7-fold decrease) at low doses of 0.0005–0.5 mg/mL 
RJ treatments, and then a sharp increase of 1.1- fold appeared at the highest dose of 
5 mg/mL RJ. 
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Figure 4.17  Representative the ratios of h-TERT/BAX, c-MYC/ BAX, BCL2/BAX, 
NRF2/BAX and HO1/BAX levels in response to various concentrations of RJ treatments 
on human lymphocytes for 24 h 

 
Table 4.5 Correlation coefficients of the relative expressions of regulatory proteins 
over BAX in response to 0.0005-5 mg/mL RJ treatments on human lymphocytes 

Relative expressions Correlation coefficient (r) 

hTERT/BAX -0.37 
c-MYC/BAX -0.95 
BCL2/BAX -0.89 
NRF2/BAX - 1.0 (only at 0.0005-0.5 mg/mL RJ) 
HO-1/BAX -0.98 

 
The results indicate that the lowest dose of 0.0005 mg/mL RJ had the 

highest beneficial effects by maintaining cell proliferation (c-MYC/BAX), cell survival, 
(BCL2/BAX), antioxidant enzyme level (HO-1/BAX), antioxidative response (NRF2/BAX) 
at approximately normal level, and enhanced telomerase level ratio (hTERT/BAX) by 
1.3-fold.  On the contrary, the highest dose of 5 mg/mL RJ caused more harm, though 
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maintaining the telomere length protection and enhancing antioxidative response 
(hTERT/BAX and NRF2/BAX = 1.1-fold). It decreased cell proliferation, cell survival and 
antioxidant enzyme level. The deleterious effects at the highest dose of RJ 
corresponded with its genotoxicity. In comparison with DXR, the toxicity induced by 
the highest dose of RJ still maintained hTERT/BAX and increased NRF2/BAX, which 
empowered cells to fight oxidative damage. On the contrary, DXR decreased all BCL2/ 
BAX (-0.6-fold), C-MYC/BAX (-0.5-fold), HO-1/BAX (-0.4-fold), hTERT/BAX (-0.7-fold) and 
NRF2/BAX (-0.7-fold), suggesting its toxicity in promoting cell death, decreasing cell 
proliferation, decreasing antioxidative response and shortening telomere. 

These results also revealed that cells undergoing active proliferation from 
G1/S phase (at 0.05 mg/mL RJ) activated hTERT, NRF2, BCL2 and also BAX levels. These 
data indicated that when cells were activated during G1/S cell cycle progression, more 
cells proliferated and at the same time, more cells entered apoptosis. Therefore, the 
gene expression levels of hTERT, c-MYC, NRF2, HO-1 and BCL2 alone may not provide 
informative data on cell status or cell quality.  Those gene expression values should 
be corrected by formulating their ratios over BAX to validate the actual cellular status. 

 
4.3.1.4 Analysis of glutathione peroxidase (GPx) activities on 

human lymphocytes treated with different concentrations of RJ 
          Treatments with RJ at 0.0005, 0.005, 0.05, 0.5 and 5 mg/mL as 

well as 0.2 µg/mL DXR treatment tended to slightly decrease GPx activities compared 
to the medium RPMI control, although no statistical significance was observed (Figure 
4.18).  The lowest dose, 0.0005 mg/mL RJ treatment maximally increased GPx activity 
to 5.8 units/µg though it was slightly lower that of the medium control (0.9-fold).  The 
highest dose 5 mg/mL RJ  as well as the 0.2 µg/mL DXR treatments induced the GPx 
activity to 5.1 units/µg. 
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Figure 4.18   The effects on GPx activities of various concentrations of RJ treatments 
on human lymphocytes for 24 h (n=2)  
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4.3.2 Antigenotoxic studies on human lymphocytes by in vitro SCE 
assay 

4.3.2.1 Antigenotoxic studies of RJ, DM, EE, and 10-H2DA 
pretreatments followed by DXR on human lymphocytes  

(1)  Antigenotoxic and anticytotoxic effects of RJ 
pretreatments   
   Pretreatments of RJ at concentrations of 0.0005 and 5 mg/mL 
followed by 0.1 µg/mL DXR significantly decreased SCE levels compared to DXR alone 
by a factor of 1.25 (p<0.05) (Figure 4.19). RJ pretreatments at other concentrations of 
0.0005, 0.5, and 5 mg/mL also appeared to decrease the DXR-induced SCE level, 
without statistical significance. Pretreatment with 2%V/V DMSO, however, slightly 
increased DXR-induced SCE level by a factor of 1.5.  Accordingly, RJ pretreatments at 
concentrations of 0.005 and 0.05 mg/mL significantly decreased DXR-induced SCE 
levels by a factor of 1.44 (p<0.05) when compared to the DMSO pretreatment control. 
 

  
Figure 4-19   Transformed SCE induced by various concentrations of RJ pretreatments 
against DXR on human lymphocytes in vitro (n=3)   
**p<0.05 significantly different from the negative control, RPMI  
##p<0.05 significantly different from the positive control, DXR  
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Table 4.6  M.I. and P.I. induced by various concentrations of RJ pretreatments against 
DXR on human lymphocyte (n=3) 

Conc. of RJ 
(mg/mL) 

Conc.of DXR 
(µg/mL) 

M.I. 
(mean+S.E.) 

P.I. 
(mean+S.E.) 

0 0 19.5+2.5 3.7+0.2 
2% V/V DMSO 0 19.5+0.5 3.1+0.4 
0.0005 0.1 22.5+3.5 4.2+1.4 
0.005 0.1 22.0+6.0 3.7+1.4 
0.05 0.1 21.0+10.0 3.6+2.0 
0.5 0.1 20.0+5.0 3.5+1.0 
5 0.1 17.0+1.0 2.8+0.4 
2%V/V DMSO 0.1 15.0+0.0 1.8+0.2 
0 0.1 19.5+2.5 2.8+0.2 

   
RJ pretreatments at concentrations of 0.0005, 0.005, 0.05 and 0.5 

mg/mL but not at 5 mg/mL tended to stimulate cell proliferation more efficiently than 
those of the DXR alone and DMSO pretreatments as shown by higher levels of M.I. and 
P.I (Table 4.6 ).  Further analysis of the effect of RJ pretreatments on each phase of 
the cell cycle (Figure 4.20), demonstrated that all RJ pretreatments enhanced cell 
cycle progression (higher MII than MI cells), while DXR treatment alone slightly delayed 
cell cycle (less MII than MI cells). The 2% DMSO pretreatment, however, noticeably 
delayed cell cycle. 
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Figure 4-20   Cell cycle progression induced by RJ pretreatments against DXR on 
human lymphocytes; MI, MII and MIII: the number of metaphase cells in the first cell 
cycle, second cell cycle, and third cell cycle, respectively  
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(2) Antigenotoxic and anticytotoxic effects of DM 
pretreatments 

        As shown in Figure 4.21, DXR-treated cells significantly 
increased SCE level by 2.2-fold above that of the negative RPMI control (p<0.05). The 
SCE levels of all DM pretreatments  (0.0125, 0.125, 1.25, 12.5 and 125 mg/mL) were 
not significantly different from that of the DXR-treated cells alone. The 2%V/V DMSO 
pretreatment tended to increase SCE level compared to DXR-treated cells but such 
increase was not statistically significant. 

        In addition, there was no significant difference of M.I. nor P.I. 
induced by DM pretreatments compared to the DXR treatment alone (Table 4-7). 
Further analysis of the effect of DM pretreatments on each phase of the cell cycle 
demonstrated that DM pretreatments at the lowest dose (0.0125 mg/mL) and at the 
highest dose (125 mg/mL) tended to increase cell cycle progression (higher MII and 
MIII) when compared to DXR treatment alone (Figure 4-22).  

  
Figure 4.21   Transformed SCE induced by various concentrations of DM pretreatments 
against DXR on human lymphocytes in vitro (n=3)  
**p<0.05 significantly different from the negative control, RPMI  
##p<0.05 significantly different from the positive control, DXR  
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Table 4.7  M.I.and P.I. induced by various concentrations of DM pretreatments against 
DXR on human lymphocytes (n=3) 

 

Conc. of DM 
(mg/mL) 

Conc. of DXR  
(µg/mL) 

M.I. 
(mean ± S.E.) 

P.I. 
(mean + S.E.) 

0 0 19.5 ± 3.5 3.7 ± 2.8 
0.0125 0.1 17.0 ± 2.8 2.9 ± 4.2 
0.125 0.1 25.5 ± 4.9 3.6 ± 7.0 
1.25 0.1 22.0 ± 2.8 3.2 ± 4.2 
12.5 0.1 18.0 ± 1.4 2.5 ± 1.4 
125 0.1 19.5  ± 0.7 3.1 ± 0.7 
0 0.1 19.5 ± 3.5 2.9 ± 3.5 

 

 
Figure4.22   Cell cycle progression induced by DM pretreatments against DXR on 
human lymphocytes; MI, MII and MIII: the number of metaphase cells in the first cell 
cycle,  second cell cycle, and third cell cycle, respectively  
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(3) Antigenotoxic and anticytotoxic effects of EE 
pretreatments 

        As shown in Figure 4.23, DXR-treated cells significantly 
increased SCE level by 2.2-fold above that of the negative RPMI control (p<0.05). There 
were no significant difference between SCE levels induced by all EE (0.00025,0.0025, 
0.025, 0.25, and 2.5 mg/mL) pretreatments compared to that induced by DXR 
treatment alone. 

      In addition, there was no significant difference of M.I. nor P.I. 
induced by EE pretreatments compared to the DXR treatment alone (Table 4.8), 
Further analysis on cell cycle progression demonstrated that EE pretreatments at 
higher doses (0.025 and 0.25 mg/mL) enhanced cell cycle progression as shown by 
higher number of MII and MIII cells compared to that of DXR treatment alone.  (Figure 
4.24). 

 

 
Figure 4.23   Transformed SCE induced by various concentrations of EE pretreatments 
against DXR on human lymphocytes in vitro (n=3)  
**p<0.05 significantly different from the negative control, RPMI   
##p<0.05 significantly different from the positive control, DXR 

  

Ref. code: 25605511301011VIB



68 
 

Table 4.8  M.I. and P.I. induced by various concentrations of EE pretreatments against 
DXR on human lymphocytes (n=3). 

Conc. of EE 
(mg/mL) 

Conc.of DXR  
(µg/mL) 

M.I. 
(mean ± S.E.) 

P.I. 
(mean+ S.E.) 

0 0 19.5 ± 3.5 3.7 ± 2.8 
2% V/V DMSO 0 19.5 ± 0.7 3.1 ± 5.6 
0.00025 0.1 20.0 ± 1.4 2.6 ± 2.1 
0.0025 0.1 19.0 ± 1.4 2.6 ± 2.1 
0.025 0.1 18.5 ± 3.5 2.9 ± 4.9 
0.25 0.1 21.0 ± 2.8 3.4 ± 4.2 
2.5 0.1 12.5 ± 2.1 2.1 ± 3.5 
2%V/V DMSO 0.1 15.0 ± 0.0 1.9 ± 5.6 
0 0.1 19.5 ± 3.5 2.9 ± 3.5 

 
Figure 4.24 Cell cycle progression induced by EE pretreatments against DXR on 
human lymphocytes; MI, MII and MIII: the number of metaphase cells in the first cell 
cycle,  second cell cycle, and third cell cycle, respectively  

0 2 %  V /V  

D M S O

0 .0 0 0 2 5 /

0 .1

0 .0 0 2 5 /

0 .1

0 .0 2 5 /

0 .1

0 .2 5 /

0 .1

2 .5 /

0 .1

2 %  V /V  

D M S O /0 .1

0 .1   g /m L  

D X R

0

5

1 0

1 5

2 0

2 5

C o n c e n tr a t io n s  o f  E E  (m g /m L )/ D X R  ( g /m L )

N
o

.o
f 

m
e

ta
p

h
a

s
e

 c
e

ll
 i

n
 e

a
c

h
 c

e
ll

 c
y

c
le

/ 
1

,0
0

0
 c

e
ll

s

M I M II M III

Ref. code: 25605511301011VIB



69 
 

(4) Antigenotoxic and anticytotoxic effects of 10-H2DA 
pretreatments 

       As shown in Figure 4.25, DXR-treated cells significantly 
increased SCE level by 2.2-fold above that of the negative RPMI control (p<0.05). There 
was no significant difference between SCE levels induced by all 10-H2DA pretreatments 
compared to DXR treatment alone.  In addition, there was no significant difference of 
M.I. and P.I. induced by 10-H2DA pretreatments (Table 4.9).  Further analysis of the 
effect of 10-H2DA pretreatments on each phase of the cell cycle (Figure 4.26), 
demonstrated that 10-H2DA pretreatments at higher doses (1.25, 12.5 and 125 µg/mL) 
tended to enhance cell cycle progression ( higher MII/MIII than MI cells) compared to 
that of DXR-treatment alone.  The 2% DMSO pretreatment noticeably delayed cell 
cycle. 

 
Figure 4.25 Transformed SCE induced by various concentrations of 10-H2DA 
pretreatments against DXR on human lymphocytes in vitro (n=3)  
**p<0.05 significantly different from the negative control, RPMI  
##p<0.05 significantly different from the positive control, DXR 
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Table 4.9  M.I. and P.I. induced by various concentrations of 10-H2DA pretreatments 
against DXR on human lymphocytes (n=3) 

Conc.of 10-H2DA 
(µg/mL) 

Conc.of DXR  
(µg/mL) 

M.I. 
(mean ± S.E.) 

P.I. 
(mean + S.E.) 

0 0 19.5 ± 3.5 3.7 ± 2.8 
2% V/V DMSO 0 19.5 ± 0.7 3.1 ± 5.6 
0.0125 0.1 18.5 ± 0.7 2.8  ± 1.4 
0.125 0.1 19.0 ± 1.4 2.9  ± 2.1 
1.25 0.1 14.0 ± 1.4 2.6  ± 1.4 
12.5 0.1 16.0 ± 1.4 2.8  ± 2.1 
125 0.1 17.5 ± 3.5 3.1  ± 5.6 
2%V/V DMSO 0.1 15.0 ± 0.0 1.9 ± 5.6 
0 0.1 19.5 ± 3.5 2.9 ± 3.5 
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Figure 4.26   Cell cycle progression induced by 10-H2DA pretreatments against DXR on 
human lymphocytes; MI, MII, and MIII: the number of metaphase cells in the first cell 
cycle,  second cell cycle, and third cell cycle, respectively 
 

4.3.2.2 Antiproliferative studies of RJ co-treatments with DXR for 
24 h on human lymphocytes detected by MTS tetrazolium assay 

          As shown in Figure 4.27, DXR treatment alone decreased cell 
viability by 50% compared to the negative, RPMI control. There was no significant 
difference between cell viabilities induced by all RJ co-treatments compared to that 
induced by DXR treatment alone.  RJ co-treatments at only 0.0005 and 5 mg/mL, 
however, slightly increased cell viability by approximately 10% compared to that of 
DXR alone. 
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Figure 4.27  Relative cell viabilities in response to various concentrations of RJ co-
treatments with DXR for 24 h on human lymphocytes (n = 3) 
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4.3.2.3 Analysis of pivotal gene expressions induced by RJ co-
treatments with DXR for 24 h by Western blot analysis 

(1) Analysis of cell cycle regulatory proteins: cyclin E1 and 
cyclin B1 induced by RJ co-treatments 

      As shown in Figure 4.28, RPMI medium-treated human 
lymphocytes had similar cyclin E1 and cyclin B1 levels (both have 0.03-fold compared 
to actin).  On the other hand, DXR treatment decreased the levels of cyclin E1 by 0.9-
fold while markedly decreasing cyclin B1 by 0.3-fold. Compared to the DXR treatment, 
RJ co-treatments at 0.005 and 0.05 mg/mL profoundly enhanced cyclin E1 at 
approximately 1.3-fold and 1.5-fold, while decreasing cyclin B1 0.7-fold and 0.3-fold, 
respectively. Results suggest that 0.005 and 0.05 mg/mL RJ co-treatments activated 
cell proliferation and progression from G1 to S phase. RJ co-treatment at the highest 
dose (5 mg/mL) maintained cyclin E1 (1-fold) but decreased cyclin B1 (0.6-fold). On 
the contrary, 1% V/V DMSO co-treatment maintained cyclin E1 but markedly increased 
cyclin B1 (3.4-fold).  

 
(a) 
 

 
 
 
 
 
 
  

Cyclin E1

Cyclin B1

Actin
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(b) 

 
Figure 4.28   (a) Representative Western blot analysis and (b) relative intensity of cyclin 
E1 and cyclin B1 in response to various concentrations of RJ co-treatments with DXR 
for 24 h on human lymphocytes, compared to RPMI medium control (n=3)  

 
(2) Analysis of h-TERT, c-MYC, BCL2, BAX, NRF2, and HO-1 

levels induced by RJ co-treatments with DXR on human lymphocytes 
  Compared to those of RPMI control (Figure 4.29a, b), DXR 
treatment alone increased the levels of c-MYC (1.4-fold) and h-TERT (1.2-fold), 
maintained the levels of NRF2, and decreased the levels of BAX (0.9-fold), BCL2 (0.8-
fold) and HO-1 (0.6-fold).  Results suggest that DXR treatment induced more cell death 
than cell survival and used up antioxidative enzyme, HO-1.  However, cells still 
maintained telomere length and kept proliferating. DMSO co-treatment markedly 
decreased HO-1 (0.2-fold), h-TERT (0.7-fold), and C-MYC (0.9-fold), maintained BCL2, 
BAX, and slightly increased NRF2 (1.1-fold). This result indicates that DMSO possibly 
enhanced DXR-induced oxidative damage and used up antioxidative enzyme HO-1, 
reduced longevity while slightly activating antioxidative response, NRF2. 
    RJ co-treatments at all doses increased hTERT (1.3-1.7-folds), 
BCL2 (1.2-2.1-folds) (except at the lowest dose) and BAX (1.4-1.8- folds) (except at the 
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highest dose), compared to those of DXR treatment alone. They had an overall dose-
dependent increase trend of NRF2 (0.8- to 1.3-folds) but had a dose-dependent 
decrease of c- MYC (1.6- to 1.1-folds) and HO-1 (0.6- to 0.3-folds). Both levels of BCL2, 
a survival regulatory protein, and BAX, a death regulatory protein, increased when 
cyclin E1 level increased.  It possibly indicated that during the active cell cycle status 
(increased cyclin E), there were induction of both cell survival and cell death.  
Therefore, analysis of health status of the treated cells using those individual protein 
expression levels may not properly represent cellular health status. Interpretations of 
the protein expression levels formulated as ratios over cell death such as BCL2/BAX, 
NRF2/BAX, h-TERT/BAX, c-MYC/BAX and HO-1/BAX are possibly more meaningful in 
understanding updated cellular status similar to the use of BCL2/BAX, which strongly 
represents life or death. 

. 
 

(a) 
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 (b) 
 

 
 
Figure 4.29   (a) Representative Western blot analysis and (b) relative gene expression 
levels of  BCL2, BAX, NRF2, hTERT, c-MYC, and HO-1 in response to various 
concentrations of RJ co-treatments with DXR on human lymphocytes for 24 h 
(meanS.E.);  DXR alone was used as a positive control (n=3) 
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In comparison with RPMI control (Figure 30a, b), DXR treatment 
increased the ratios of c-MYC/BAX (1.6-fold), hTERT/BAX (1.5- fold), NRF2/BAX (1.1-fold); 
maintained the ratios of BCL2/BAX (1-fold); and decreased the ratio of HO-1/BAX (0.7-
fold).  Compared to DXR treatment (Figure 5b), RJ co-treatment at the highest dose of 
5 mg/mL maximally increased the ratios of BCL/BAX (1.5-fold), NRF2/BAX (1.3-fold) and 
hTERT/BAX (1.1- fold), while decreasing c-MYC/BAX (0.8-fold) and HO-1/BAX  (0.58-fold). 
On the contrary, RJ co-treatments at lower concentrations (0.0005-0.5 mg/mL) tended 
to decrease all these ratios. RJ co-treatment at the lowest dose (0.0005 mg/mL) 
decreased all BCL2/BAX (0.6-fold), NRF2/BAX (0.6-fold), hTERT/BAX (0.8-fold), c-
MYC/BAX (0.7-fold), and HO1/BAX (0.5-fold). These data demonstrated that RJ co-
treatment at the highest dose enhanced cell survival, antioxidative response, and 
maintenance of telomere over cell death and therefore induced health protection 
against DXR. On the contrary, RJ co-treatments at the lower doses especially at 0.0005 
mg/mL diminished cell survival, antioxidative response, longevity, cell proliferation and 
antioxidative enzyme HO-1, demonstrating its intensifying DXR toxicity. Therefore, 
beneficial or harmful effects of RJ co-treatments depend on its dosage. DMSO co-
treatment decreased HO-1/BAX (0.3-fold), hTERT/BAX (0.5-fold), c-MYC/BAX (0.6- fold) 
and slightly increased BCL2/BAX and NRF2/BAX (1.05- fold). The DMSO solvent possibly 
had little additional effect on reduction of HO-1/BAX, hTERT/BAX, and c-MYC/BAX but 
did not show any major effects on RJ activity. 
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(b) 

 
Figure 4.30  (a) Relative gene expressions of the ratios: BCL2/BAX, NRF2/BAX, h-
TERT/BAX, c-MYC/BAX, and HO1/BAX, compared to RPMI control, and (b) Relative gene 
expressions of those ratios compared to DXR treatment, in response to various 
concentrations of RJ co-treatments with DXR for 24 h on human lymphocytes 
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4.3.2.4 Analysis of glutathione peroxidase (GPx) acitivities on 
human lymphocytes treated with different concentrations of RJ co-treatments 
with DXR for 24 h on human lymphocytes 

           DXR treatment alone increased GPx activity (1.4-fold), 
compared to RPMI medium control.  No dose-dependent response was observed from 
RJ co-treatments.  However, co-treatments with RJ at 0.005 and 5 mg/mL tended to 
increase GPx activities (1.1-1.2-fold) compared to the DXR treatment alone, although, 
no statistical significance was observed.  These increased GPx activities corresponded 
to results from the induction of NRF2 level in response to RJ co-treatments (Figure 
4.31). 

 

 
 
Figure 4.31  Effects of various concentrations of RJ co-treatments with DXR for 24 h on 
GPx activity on human lymphocytes (n=2) 
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4.4 Effects of 10-H2DA treatment alone and co-treatments with DXR on MCF-7 
human breast cancer cell line 

 
4.4.1 Effect of 10-H2DA treatments alone for 24 h 

4.4.1.1 Antiproliferative effects of 10-H2DA treatments on MCF-7 
cells detected by the MTS tetrazolium assay 

          Treatments of 10-H2DA at 0.0125, 0.125, 1.25, 12.5, and 125 
µg/mL for 24 h significantly decreased cell viability in a dose-dependent manner (94.5, 
87.6, 78.3, 62.5, and 37.6% respectively), compared to that of MEM medium control 
(Figure 4.32).  The DXR treatment (1 µM=0.54 µg/mL), a positive control, decreased 
cell viability to 52%.  The 50% inhibition concentration (IC50) of 10-H2DA treatments 
against MCF-7 cells was 13.9 µg/mL. 
  
(a) 

 
Figure 4.32 The percentages of cell viability in response to various concentrations 
of 10-H2DA treatments for 24 h on MCF-7 breast cancer cells (n = 3) **p < 0.05 
significantly different from the MEM-treated negative control  
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4.4.1.2 Determination of GI50, TGI and LC50 of aged 10-H2DA 
treatments on MCF-7 cells 

           In order to determine cytotoxicity of 10-H2DA in terms of GI50, 
TGI and LC50, methodology to study cell viability or cell survival required detection 
of cell density at time zero.  10-H2DA (aged 2 years old) was used to determine GI50, 
TGI50, and LC50 values of 10-H2DA treatments.  As shown in Figure 4.33a and 4.33b, 
of aged 10-H2DA (1.25, 12.5, 125, and 250 µg/mL) treatments were 20.1, 130.9, and 
192.3 µg/mL, respectively.   

 We also studied antiproliferative effects of aged 10-H2DA using 
regular protocol in which cell viability is detected without subtraction of cell density 
at day 0. It was shown that aged 10-H2DA treatments (1.25, 12.5, 50, 125, and 250 
µg/mL) decreased MCF-7 cell viability to 82.8, 77.5, 76.5, 53.7, and 3.8%, respectively 
when compared to MEM medium control (Figure 4.33c).  The IC50 of aged 10-H2DA 
was 20 µg/mL which was higher than fresh 10-H2DA in 4.4.1.1 (IC50 was 13.9 µg/mL).  
The DXR significantly decreased cell viability to 52%. 
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(b) 
 
 
 
 
 
 
 
 
 
(c) 
 
 
 
 
 
 
 
 
 
 
Figure 4.33 (a) The percentages of cell viability in response to various concentrations 
of aged 10-H2DA treatments for 24 h on MCF-7 cells (n = 3). **P < 0.05 significantly 
different from the MEM-treated negative control, 24 h culture, (b) The cytotoxic activity 
of aged 10-H2DA treatments against MCF-7 cells demonstrated that growth percent of 
100 corresponds to growth seen in untreated cells. Growth percent of 50 corresponds 
to 50% growth (50% inhibition). Growth percent of 0 indicates no growth (TGI: total 
growth inhibition). Growth percent of -50 indicates lethality in 50% of the starting cells 
(LC50), (c) The percentages of cell viability in response to various concentrations of  
aged 10-H2DA treatments for 24 h on MCF-7 cells (n = 3), compared to zero time initial 
density   

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0

-1 0 0

-7 5

-5 0

-2 5

0

2 5

5 0

7 5

1 0 0

C o n c e n tr a t io n  o f   a g e d  1 0 -H 2 D A  ( g /m L )

%
 C

e
ll

 g
r
o

w
th

G I5 0  =  2 0 .1 T G I =  1 3 0 .9 L C 5 0  =  1 9 2 .3

5 0

1 2 5

2 5 0

1 2 .5

1 .2 5

0 .0 0 1 .2 5 1 2 .5 0 5 0 .0 0 1 2 5 .0 0 2 5 0 .0 0

0

2 5

5 0

7 5

1 0 0

C o n c e n tr a t io n  o f  a g e d  1 0 -H 2 D A  ( g /m L )

C
e

ll
 v

ia
b

il
it

y
 (

%
) 

(M
e

a
n

 +
/-

 S
.E

.)

*
* *

*

*

Ref. code: 25605511301011VIB



84 
 

Treatment of 250 µg/mL aged 10-H2DA was cytotoxic since few viable 
cells were detected. Effects of aged 10-H2DA treatments on cell morphology as shown 
in (Figure 4.34) corresponded well with results from the MTS tetrazolium assay showing 
that treatments at higher doses of aged 10-H2DA increased cell toxicity (more 
unattached and round cells). 
 

 
 
Figure 4.34  Effects on cell morphology induced by various concentrations of 10-H2DA 
compared to MEM medium (0) and 0.54 µg/mL DXR  

     normal cells: attached elongated shape            
         damaged cells: unattached rounded shape                                                 
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4.4.1.3 Analysis of pivotal gene expressions induced by 10-H2DA 
treatment for 24 h on MCF-7 cells by Western blot analysis 

(1) Analysis of cell cycle regulatory proteins: cyclin D1, CDK4, 
cyclin E1, and cyclin B1 induced by 10-H2DA treatments 

      As shown in Figure 4.35a and 4.35b, the medium control 
treatment had higher levels of cyclin D1, CDK4, and cyclin B1 but not cyclin E1, 
suggesting that more control cells progressed from G0 to G1 phase than from G2 to M 
phase, and the least control cells progressed from G1 to early S phase.  DXR 
treatments, however, increased cyclin E1 (2-fold) but decreased cyclin D1 (0.5-fold), 
CDK4 (0.8-fold), and cyclin B1 (0.4-fold) levels compared to MEM treatment (Figure 4-
35c).  These observations suggest that the DXR treatment greatly decreased G2/M 
progression, slightly decreased G0/G1 progression, but highly increased G1/S phase 
progression, as compared to the MEM control. For 10-H2DA treatments, there were 
dose-dependent decreases of cyclin B1, cyclin D1, and CDK4 with correlation 
coefficient (r) equal to –0.9, -0.8 and -0.8 respectively (Table 4.10) whereas cyclin E1 
levels were relatively stable (r= -0.07).  The highest dose of 10-H2DA treatment (125 

µg/mL) extensively decreased cyclin D1 (0.2-fold) and CDK4 (0.2-fold), moderately 
decreased cyclin B1 (0.5-fold), while slightly increasing cyclin E (1.1-fold) levels. The 
data suggest that 125 µg/mL 10-H2DA treatment induced more cell arrest in G0/G1 
phase while DXR treatment induced more cell arrest in G2 phase. 
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(c) 

 
 
Figure 4.35   (a) Representative Western blot analysis, (b) Relative intensity of bands 
(fold change) and (c) Relative expression level of cyclin D1, cyclin E1 and cyclin B1 
(mean ± SE) in response to various concentrations of 10-H2DA treatments for 24 h on 
MCF-7 cells (n = 3) 

 
Table 4.10: Correlation coefficients of the relative expressions of cyclins and CDK4 in 
response to 1.25-125 µg/mL 10-H2DA treatments on MCF-7 cells 
Relative regulatory  
gene expressions 

Cyclin B1 Cyclin D1 CDK4 Cyclin E1 

Correlation coefficient (r): -0.9 -0.8 -0.8 -0.07 
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(2) Analysis of pivotal gene expressions: hTERT, c-MYC, BCL2, 
BAX,, NRF2, HO-1 induced by 10-H2DA treatments on MCF-7 cells 

     As shown in Figure 4.36a and 4.36b, and Table 4.11, 10-H2DA 
treatments (1.25-125 µg/mL) had a dose-dependent decrease in c-MYC (0.8 to 0.2-
fold), h-TERT (0.8 to 0.7-fold), BCL2 (0.8 to 0.5-fold), BAX (1.1 to 0.8 fold) and BCL2/BAX 
ratio (0.7 to 0.6-fold) with correlation coefficient (r) equal to - 0.96, -0.67, -0.81, -0.67, 
and -0.72 respectively (Table 4.11).  The p53 values were relatively stable (r = 0.09).  
On the contrary, there were dose-dependent increases in HO-1 (1.4 to 29.7-fold) (r 
=1.0) and NRF2 (0.8 to 3.1) (r =1.0).  The data suggest that 125 µg/mL 10-H2DA 
treatment strongly inhibited cancer cell growth through the reduction of c-MYC, h-
TERT, and BCL2/ BAX resulting in declining cell proliferation and lifespan while 
increasing cell apoptosis.  However, it was able to induce antioxidative potential 
through induction of NRF2 and HO-1 suggesting that cells were protected from 
oxidative damage. The DXR positive control treatment increased p53 (18.9-fold), HO-1 
(2.9-fold), and BAX (1.6-fold), while decreased hTERT (0.2-fold), c-MYC (0.3-fold), BCL2 
(0.5-fold), NRF2 (0.6-fold) and BCL2/BAX ratio (0. 3-fold), as compared to those of MEM 
controls (Figure 4.36c). Therefore, DXR potentially inhibited cancer cell growth through 
reduction of c-MYC, hTERT, NRF2 levels and BCL2/BAX ratio while increasing p53 which 
induced cell apoptosis. 
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(c) 

 
 
Figure 4.36  (a)  Representative Western blot analysis and (b) Relative gene expression 
levels of HO-1, NRF2, C-MYC, hTERT, p53, BAX, and BCL2 in response to various 
concentrations of 10-H2DA treatments on MCF-7 human breast cancer cells for 24 h 
(mean ± SE); 0.54 µg/mL DXR was used as a positive control (n = 3),  *p<0.05 significant 
difference from the MEM medium negative control  
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Table 4.11 Correlation coefficients of the relative expressions of regulatory proteins in 
response to 1.25-125 µg/mL 10-H2DA treatments on MCF-7 cells 

Gene expressions Correlation coefficient (r) 

c-MYC -0.96 
BCL2 -0.81 
h-TERT -0.67 
BAX -0.67 
p53 0.09 
NRF2 0.99 
HO-1 1 
BCL2/BAX -0.7 

 
 

4.4.1.4 Cell cycle distribution analysis of 10H2DA treatments on 
MCF-7 cells by flow cytometry 

           As shown in Figure 4.37a and 4.37b, treatments with 10-H2DA 
at 1.25-250 µg/mL induced a dose-dependent increase in the percentage of cells in 
the sub G1 (0.6-to 2.4-fold) and G0/G1 phase (1.1-to 1.2-fold) but a dose-dependent 
decrease in the S phase (0.9-to 0.8-fold) and the G2/M phases (1.1- to 0.9-fold), 
compared to MEM control. For 0.54 µg/mL DXR control, there was a decrease in S 
phase (0.6-fold), stability in G0/G1 phase (1.0-fold) while there was an increase in G2/M 
phase (1.2-fold) and sub G1(1.1-fold).  The data confirm that there was a greater 
accumulation of 10-H2DA treated cells in the sub G1 and the G0/G1 phases, but DXR-
treated cells were more evident in the G2/M phase. 
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(a) 

 
(b) 

 
Figure 4.37 (a) Cell cycle analysis of MCF-7 cells exposed to various concentrations of 
10-H2DA for 24 h by flow cytometer. MEM medium and DXR were used as negative 
and positive controls, respectively. (b) The percentage of cell population in each phase 
of the cell cycle after exposure to various concentrations of 10-H2DA, MEM medium 
and DXR (mean S.E.),  *p<0.05 significant difference from MEM medium control 
#p<0.05 significant difference from 0.54 µg/mL DXR, a positive control  
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4.4.1.5 Apoptosis analysis of 10-H2DA treatments against MCF-7 
cells by flow cytometry 

           As shown in Figure 4.38a and 4.38b, 10-H2DA treatments (1.25, 
12.5, 125, and 250 µg/mL) slightly decreased the percentages of live cells (1.09 to 1.04-
fold) but markedly increased the percentages of early apoptosis (2.0 to 5.2-fold), late 
apoptosis (1.0 to 1.2-fold) and decreased necrosis (0.4 to 0.5-fold) in a dose-dependent 
manner.  The highest dose of 250 µg/mL 10-H2DA increased early apoptosis to 5.2-
fold indicating higher cell damage.  The DXR treatment increased the percentage of 
early apoptosis to 2.3-fold and late apoptosis to 1.2-fold.  The data confirms that 10-
H2DA (125 and 250 µg/mL) induced cell death through apoptosis. 
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(b) 

 

Figure  4.38 (a) Representative apoptosis analysis of 10-H2DA-treated MCF-7 breast 
cancer cells with MEM medium negative control and DXR positive control by flow 
cytometry, and (b) The percentage of live, early apoptosis, late apoptosis and necrosis 
cells in response to 10-H2DA treatments compared to controls  
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4.4.1.6 Morphological analysis of 10-H2DA and DXR treatments on 
MCF-7 cells detected by Hoecst33258/propidium iodide double fluorescence 
staining 
             As shown in Figure 4-39, compared between MEM medium 
control, 125 µg/mL 10-H2DA, and  0.54 µg/mL DXR treatments, 10-H2DA treatment  
showed a higher number of dead cells with apoptotic nuclei and the MEM medium 
control showed few dead cells with some apoptotic nuclei.  The 0.54 µg/mL DXR 
treatment demonstrated a higher number of dead cells with irregular apoptotic nuclei.  
The data confirm previous results that 10-H2DA treatments induced cell apoptosis. 

 

 
 

Figure 4.39   Representative photos of Hoechst 33258 and propidium iodide double 
staining on treated MCF-7 cells (A) MEM medium control, (B) 125 µg/mL 10-H2DA, (C) 
0.54 µg/mL DXR; Arrows indicated (0) no dead cell (1) viable cells with normal nuclei, 
(2) live cells with apoptotic nuclei, (3) dead cells and (4) dead cells with apoptotic 
nuclei   
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4.4.2 Effect of 10-H2DA co-treatments with DXR on MCF-7 cells 
4.4.2.1 Antiproliferative effects of 10-H2DA co-treatments with 

DXR detected by MTS tetrazolium assay 
           As shown in Figure 4.40, co-treatments of 10-H2DA at higher 

concentrations of 0.125, 1.25, 12.5, and 125 µg/mL with 0.54 µg/mL DXR for 24 h 
significantly decreased MCF-7 cell viability in a dose-dependent manner to 73.1%, 
70.7%, 50.8%, and 27.9%, respectively, compared to MEM medium control.  0.54 
µg/mL DXR treatment alone significantly decreased cell viability to 58.1% (p<0.05). 

 

 
Figure 4-40   The relative cell viability in response to various concentrations of 10-
H2DA co-treatment with DXR for 24 h on MCF-7 cells (n = 3)  
**P < 0.05 significantly different from the MEM-treated negative control 
 ##P < 0.05 significantly different from the DXR-treated positive control 
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To investigate morphological changes, MCF-7 cells were co-treated 
with 10-H2DA (1.25, 12.5 and 125 µg/mL) and 0.54 µg/mL DXR for 24 h.  Treated cells 
were observed under microscopy for changing in number, volume and shape.  As 
shown in Figure 4-41, 10-H2DA co-treatments with DXR increased the number of dead 
cells (unattached and round shape) in a dose-dependent manner, compared to MEM 
medium control.  A large number of dead cells were observed at 12.5 µg/mL 10-H2DA 
co-treatment and reached the highest at 125 µg/mL 10-H2DA co-treatment.  The DXR 
treatment alone revealed a higher number of dead cells than all 10-H2DA co-
treatments. 

 

 
 
 
Figure 4.41 Effects on cell morphology induced by MEM medium control (0), 1.25, 12.5 
and 125 µg/mL 10-H2DA co-treatments with 0.54 µg/mL DXR, and DXR treatment alone  

      normal cells: attached elongated shape 
          damaged cells: unattached rounded shape 
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4.4.2.2 Analysis of pivotal gene expressions induced by 10-H2DA 
co-treatments with DXR for 24 h against MCF-7 cells by Western blot  

(1) Analysis of cell cycle regulatory proteins: cyclin D1, CDK4, 
cyclin E1, and cyclin B1 induced by 10-H2DA co-treatments  

     As shown in Figure 4.42a and 4.42b, MEM medium control-
treated cells highly increased in cyclin D1 level, followed by cyclin B1 and cyclin E1 
levels, respectively. The data suggested that cells actively progressed from G0 to G1 
phases, less from G2 to M phase and the least from G1 to early S phase.  The DXR 
treatment alone moderately decreased the levels of cyclin B1 (0.4-fold), slightly 
decreased CDK4 (0.8-fold), slightly increased cyclin D1 (1.2-fold) and highly increased 
cyclin E1 (2.5 fold), compared to the medium control (Figure 4.42c).  Compared to the 
DXR treatment alone (Figure 4.42d), 10-H2DA co-treatments (1.25-125 µg/mL) 
decreased the levels of CDK4 (0.9-to 0.3-fold), cyclin D1 (0.8-to 0.4-fold), but increased 
the level of cyclin B1 (1.2 to 3.9-fold) in a dose-dependent manner.  Besides, 10-H2DA 
co-treatment showed variable dose-dependent in cyclin E1.  It increased cyclin E1 
level (1.5-fold) at the lowest dose (1.25 µg/mL) and then decreased to 1.1- and 0.8-
fold when treated with higher doses of 12.5 and 125 µg/mL 10-H2DA.  The data 
suggested that the DXR treatment alone induced cell cycle arrest in G2/M phase and 
increased cells in G1/S phase.  The highest dose 10-H2DA co-treatment (125 µg/mL) 
increased cell cycle arrest at G0/G1 and G1/S, while the lower dose co-treatments 
enhanced G1/S cell cycle progression. 
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(c)  

(d) 

Figure  4.42  (a) Representative Western blot analysis of various concentrations 10-
H2DA co-treatments with DXR for 24 h against MCF-7 cells (n = 3)  (b) Intensity of bands 
(relative to actin) of cyclin D1, CDK4, cyclin E1, and cyclin B1 (mean ± SE) (c) Relative 
intensity of bands (fold change), compared to MEM medium control (d) Relative 
intensity of bands (fold change), compared to DXR-treated cells; *p < 0.05 significantly 
different from the MEM medium control,  #p < 0.05 significantly different from the DXR  
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 (2) Analysis of pivotal gene expressions: hTERT, c-MYC, 
BCL2, BAX,, NRF2, HO-1 induced by 10-H2DA co-treatments 

  As shown in Figure 4-43a and 4.43b, DXR treatment alone 
decreased the expression level of c-MYC (0.3-fold), hTERT (0.3-fold), NRF2 (0.6-fold), 
BCL2 (0.6-fold) whereas it increased BAX (1.7-fold), HO-1 (2.8-fold), and extensively 
increased p53 (20.2-fold), compared to MEM medium control.  Compared to DXR 
treatments alone, the highest dose of 10-H2DA (125 µg/mL) co-treatment maximally 
decreased the level of c-MYC (0.4-fold), BCL2 (0.6-fold), but maximally increased the 
levels of BAX (1.3-fold), NRF2 (2.4-fold), and HO-1 (3.7-fold).  It slightly increased p53 
(1.4-fold) and hTERT (2.3-fold).  The lowest dose of 10-H2DA (1.25 µg/mL) co-
treatment, however, just slightly decreased c-MYC (0.8-fold), BCL2 (0.8-fold), BAX (0.6-
fold), NRF2 (0.8-fold), but increased hTERT (2.7-fold), p53 (1.9-fold), HO-1 (1.1-fold).   

      Analysis of the gene expression levels indicated that DXR 
treatment alone strongly inhibited cancer cell growth through reduction of the 
oncoprotein, c-MYC, inhibited longevity through a reduction of h-TERT, inhibited cell 
survival through a reduction of BCL2, and inhibited antioxidative response through 
NRF2 reduction. However, it increased antioxidative enzyme, HO-1 possibly involving 
rapid response against free radical damage induced by DXR itself. DXR increased p53 
in response to DNA damage, leading to increase cell apoptosis. Compared to DXR 
treatment alone, the highest dose of 10-H2DA co-treatment effectively decreased the 
levels of c-MYC and BCL2 while increased the levels of BAX, hTERT, p53, NRF2, and 
HO-1.  The lowest dose of10-H2DA co-treatment increased all levels of c-MYC, BCL2, 
BAX, h-TERT, p53, NRF2 and HO-1. 

      To clarify the effectiveness of treatments against cell death, 
we use the gene expression ratios over BAX as we described and reported earlier (99)  
similar to BCL2/BAX, a rheostat that regulates life and death. BAX is used as an internal 
control to compare different level of regulatory proteins.  As shown in Figure 4.44, the 
highest dose of 10-H2DA co-treatment maximally decreased C-MYC/BAX (0.3-fold), 
p53/BAX, (1.1-fold), BCL2/BAX (0.5-fold), hTERT/BAX (1.8-fold), but increased NRF2/BAX 
(1.9-fold) and HO-1/BAX (3.0-fold), compared to DXR treatment alone.  The data 
suggested that the highest dose of 10-H2DA co-treatment effectively potentiated the 
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inhibition of cell proliferation induced by DXR alone, through reduction of c-MYC/BAX 
(reduction of cell proliferation) and BCL2/BAX (increased cell apoptosis), and induction 
of p53/BAX ratios (increased DNA damage response e.g. induced apoptosis).  However, 
the highest dose of 10-H2DA co-treatment increased the hTERT/BAX (longevity), 
NRF2/BAX (antioxidative response), and HO-1/BAX (antioxidative enzyme) suggested 
that this highest dose co-treatment also provided some protective effects on the cells 
than the DXR treatment alone. The lowest dose of 10-H2DA co-treatment, however, 
increased c-MYC/BAX (1.3-fold), BCL2/BAX (1.3-fold), p53/BAX (3.1-fold), hTERT/BAX 
(4.3-fold), NRF2/NBAX (1.3-fold), and HO-1/BAX (1.8-fold). The data indicated that the 
lowest dose of 10 H2DA co-treatment decreased the effectiveness of antiproliferative 
effect of DXR treatment alone.  It enhanced cancer cell proliferation (increased 
cMYC/BAX), cancer cell survival (increased BCL2/BAX), longevitiy (increased 
hTERT/BAX), DNA damage response (p53/BAX), and antioxidative response (increased 
NRF2/BAX, HO-1/BAX). 

  
(a) 
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(b) 

(c) 

Figure 4.43   (a) Representative Western blot analysis.  (b) Relative gene expression 
levels of h-TERT, c-MYC, p53, BCL2, BAX, NRF2, and HO-1 in response to various 
concentrations of 10-H2DA co-treatments with DXR for 24 h on MCF-7 cells, compared 
to medium control (mean ± SE) (n = 3).  (c) Relative gene expression, compared to 
DXR; *p<0.05 significant difference from the MEM control; #p<0.05 significant difference 
from the DXR positive control  
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Figure 4-44  Representative diagram of the ratios of hTERT/BAX, C-MYC/BAX, p53/BAX, 
BCL2/BAX, NRF2/BAX, and HO-1/BAX levels in response to various concentrations of 
10-H2DA co-treatments with DXR for 24 h in MCF-7 cells, compared to the DXR 
treatment alone (mean ± SE) (n = 3) 
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4.4.2.3 Analysis of cell cycle distribution induced by 10-H2DA co-
treatments with DXR by flow cytometry 

          As shown in Figure 4.45a and 4.45b, the percentages of DXR-
treated cells increased in G2/M phase (1.3-fold) but decreased in sub G1 (0.8-fold), 
G0/G1 (0.8-fold), and S phases (0.8-fold), compared to MEM medium control.  It 
supported the finding in 4.4.1.4 that DXR-treated cells inhibited cyclin B1 levels, leading 
to cell cycle arrest and cells accumulated in G2/M phase.  Compared to DXR-treatment 
alone, co-treatments of 10-H2DA (1.25, 12.5 and 125 µg/mL) induced a trend of dose-
dependent increase in sub G1 (Figure 4.45c). The highest dose of 10-H2DA co-treatment 
extensively increased the percentage of cells in sub G1 (2.2-fold) but decreased in 
G0/G1 (0.8-fold), S (0.7-fold) and G2/M (0.7-fold) phases.  The lowest dose of 10-H2DA 
co-treatments, however, decreased the percentage of cells in sub G1 (0.3-fold), slightly 
increased in G2/M (1.2-fold) and G0/G1 (1.1-fold) and relatively unchanged in S phase 
(1.0-fold).  The data suggested that only the highest dose of 10-H2DA co-treatment 
but not the lowest dose effectively induced cell apoptosis (highly increased in sub G1 
cells). 
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 (c)  

 
Figure 4.45   (a) Cell cycle analysis of MCF-7 cells exposed to various concentrations 
of 10-H2DA co-treatments with DXR for 24 h by flow cytometer. MEM medium and 
DXR were used as negative and positive controls, respectively. The percentage of cell 
population in each phase of the cell cycle after exposure to MEM medium, 10-H2DA 
co-treatments and DXR alone, compared to MEM medium (b) and compared to DXR 
treatment alone (c)  
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4.4.2.4 Analysis of cell apoptosis induced by 10-H2DA co-
treatments with DXR detected by flow cytometry using annexin V and propidium 
iodide double staining  

As shown in Figure 4.46a and 4.46b, the DXR treatment alone 
increased the percentages of early apoptosis (2.4-fold), late apoptosis (1.2-fold) while 
slightly decreasing cell necrosis (0.8-fold), compared to MEM medium control.  
Compared to DXR treatment alone, 125 µg/mL 10-H2DA co-treatment maximally 
enhanced apoptosis (increased early apoptosis 2.1-fold and late apoptosis 1.2-fold) 
and increased necrosis (1.2-fold).  1.25 µg/mL 10-H2DA treatment also maximally 
enhanced late apoptosis (1.5-fold) but slightly decreased, early apoptosis (0.7-fold) 
and increased necrosis (1.2-fold).  The data suggested that the 10-H2DA co-treatments 
enhanced DXR-induced cell death through apoptosis and necrosis. 
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(b) 

 
Figure  4-46 (a) Representative apoptosis diagram of MCF-7 cells exposed to various 
concentrations of 10-H2DA co-treatments with DXR for 24 h detected by flow 
cytometer. MEM medium and DXR were used as negative and positive controls, 
respectively, (b) The percentages of live, early apoptosis, late apoptosis and necrosis 
cells in response to the treated cells compared to MEM medium control (mean S.E.) 
(n=3) 
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4.4.2.5 Analysis of morphological changes induced by 10-H2DA co-
treatments with DXR detected by Hoechst 33258 and propidium iodide double 
staining under fluorescence microscope 

         As shown in Figure 4.47, using Hoechst 33258 and propidium 
iodide double staining, the 125 µg/mL 10-H2DA co-treatment showed a higher number 
of dead cells with apoptotic nuclei than those of the MEM medium control. The 0.54 
µg/mL DXR treatment demonstrated a higher number of dead cells with apoptotic 
nuclei. The data confirm previous results that the highest dose of 10-H2DA co-
treatments induced cell death through apoptosis.  

 

 
 
 

Figure 4.47  Representative photos of Hoechst 33258 and propidium iodide double 
staining of treated MCF-7 cells.  (A) medium control, (B) 125 µg/mL 10-H2DA co-
treatment with 0.54 µg/mL DXR, (C) 0.54 µg/mL DXR treatment alone; Arrows indicated 
(0) no dead cell; (1) live cells with normal nuclei; (2) cells with apoptotic nuclei; (3) 
dead cells and (4) dead cells with apoptotic nuclei 
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CHAPTER 5 
DISCUSSION AND CONCLUSION  

 
5.1. Chemical composition and antioxidant properties of RJ from northern 

Thailand 
 

Our results indicated that the chemical compositions of our frozen RJ 
samples from Chiang Mai, northern Thailand were composed of approximately 65% 
moisture, 2.5% lipid, 2.2% protein, 32% carbohydrate 0.2% fiber and no ash (w/w) with 
pH 4.0. 10-H2DA content was 0.82% w/w.  The current samples had lower nutrient 
contents, especially proteins, lipids, and carbohydrates, compared to that of our 
previous report in which fresh RJ with pH 3.5, 67.4% moisture, 12.1% carbohydrate, 4% 
lipid, 12% proteins and 1% ash was used (97). 

The compositions of RJ from Romania and Bulgaria also reported higher 
protein contents of 13% and 15.5% w/w, respectively, and both had pH 3.9 (98).  As 
we reported earlier, there was a seasonal variation that influence mainly the 
carbohydrate and lipid content and slightly changes in protein and moisture contents 
but no alteration in ash content or pH value (97).  The carbohydrate content was the 
highest in the rainy season whereas the lipid content was the highest in the hot season. 

Total phenolic acid from our RJ samples was 1.8 ± 0.5 mg gallic acid /g RJ. 
This quantity of phenolic compounds was similar to those reported by Liu et al., 2008 
(1.3- 2.2 mg/g RJ) (100) but less than 21.2 mg/g RJ reported by Nagai and Inoue, 2004  
(101).  Total flavonoid was 0.90.08 mg Rutin equivalent/g RJ. The antioxidant activity 
of RJ was 17.91.9 µM Trolox equivalent.  Compared to bee pollen also from Chiang 
Mai, northern Thailand reported earlier (102), phenolic and flavonoid contents in bee 
pollen were much higher than those in RJ (9.3-fold and 13.8-fold, respectively). 
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5.2 Effects of RJ alone on human lymphocytes 
 

Our present study determined levels of genotoxic activity and mechanisms 
of action of RJ at various doses on human lymphocytes in vitro. It demonstrated that 
RJ treatments at 0.0005–5 mg/ml for 3 h did not induce cytotoxicity on human 
lymphocytes, however, a high dose of 5 mg/ml induced genotoxicity (1.4-fold). There 
was no statistical significance on the P.I. of the treated cells and the control, but there 
was a trend of increased cell cycle progression from MI to MII with the increasing doses 
of RJ.  By the SCE assay, our data indicate that RJ ≤ 0.5 mg/ml was quite safe with no 
genotoxic nor cytotoxic damage to human cells in vitro.  From the assumption that an 
Asian individual weighs 60 Kg and the body is mostly made up of water, we assume 
that 1 ml in vitro equals to 1 gm of tissue for conversion of in vitro to human doses.  
Thus, consumption of less than 30 g RJ for a 60 kg man should be considered safe.  
However, intake of RJ is prohibited for those with allergies since it may induce 
anaphylaxis and death. 

Western blot analysis demonstrated that RJ had both beneficial and 
harmful effects, depending on the doses.  The lowest dose of 0.0005 mg/ml RJ had 
the highest beneficial effects by maintaining cell proliferation (c-MYC/BAX), cell survival 
(BCL2/BAX), antioxidant enzyme level (HO-1/BAX), and antioxidative response 
(NRF2/BAX) at approximately normal level, and enhanced telomerase level ratio 
(hTERT/BAX) by 1.3-fold. Our data suggest that RJ treatment at a low dose of 0.0005 
mg/ml provided maximum benefits to human cells especially protecting telomere and 
prolonged lifespan. 

Our in vitro mechanistic study of RJ also supports previous in vivo studies. 
Inoue et al., 2012, reported that dietary RJ reduced oxidative damage: 8-
hydroxydeoxyguanine (8-OHdG) in mice and extended survival time (103).  Our study 
provided new insight molecular mechanisms, showing the antioxidative power of RJ 
through modifying NRF2 and HO-1 levels. In another report, intake of freeze-dry RJ by 
Drosophila melanogaster decreased their developmental time to adulthood, 
extended lifespan and increased female fecundity (104).  Our data revealed that RJ 
induced an increase in hTERT and hTERT/BAX levels, possibly preventing cellular 
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senescence, and extending lifespan. Previous studies already reported that hTERT 
proteins detected in normal human lymphocytes correlated with telomerase activity 
(105).  In addition, telomerase-expressing normal human clones extended normal 
lifespan but not telomerase negative clones (106).  This molecular study supported 
previous reports of RJ benefits.  Inoue et al., 2013 and Detienne et al., 2014 
demonstrated that RJ prolonged the lifespan of mice (103) and extended lifespan of 
Caenorhabditis elegans (107).  57 KD protein isolated from RJ stimulated rat 
hepatocyte proliferation and promoted antiapoptosis (108).  Our study additionally 
revealed that RJ-induced longevity possibly mediates through h-TERT/BAX activation. 
Valiollahpoor et al., 2015 demonstrated that RJ improved blastocyst formation with 
increasing BCL2/BAX in sheep oocytes (109).   

On the contrary, the highest dose of 5 mg/ml RJ caused more harm, though 
maintaining the telomere length protection and enhanced antioxidative response 
(hTERT/BAX and NRF2/BAX = 1.1-fold). It decreased cell proliferation, cell survival and 
antioxidant enzyme level. The deleterious effects at the highest dose of RJ 
corresponded with its genotoxicity (1.4 fold increase in SCE level compared to RPMI 
control). Few studies have reported on RJ toxicity. El- Aidy et al., 2015 noted that RJ 
induced lung inflammation in mouse conalbumin-induced asthma model (110). 

 
  

Ref. code: 25605511301011VIB



114 
 

5.3 Effects of RJ in combination with DXR on human lymphocytes 
 

Therefore, our study verified that a specific dose of RJ protected human 
cells from DXR-induced toxicity. Its protective mechanisms possibly mediate through 
an increase of BCL2/BAX ratio for cell survival, increase in hTERT/BAX for enhancing 
longevity, and increase in NRF2/BAX for amplifying antioxidative response. 
Nevertheless, its protective effects remain dose-dependent. The improper dosage of 
RJ can enhance toxicity. Results from this mechanistic study are in agreement with 
previous reports, demonstrating that the antioxidant activity of RJ protected testis from 
diabetes-induced impairment (111) and cisplatin-induced oxidative damage in rats 
(112).  In addition, RJ protected rats from paclitaxel-induced cardiotoxicity as shown 
by reduction of creatine kinase (CK-BM), and pathological injuries (113).  Therefore, RJ 
might protect against DXR-induced cardiotoxicity, which is a common side effect of 
DXR as well. 

Our study clarified the genoprotective effects of RJ against DXR on human 
lymphocytes in vitro.  However, the improper dosage of RJ can enhance toxicity.  Usage 
of RJ needs careful consideration.  
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5.4 Effects of 10-H2DA treatments on MCF-7 breast cancer cell line 
 

Our present study revealed novel molecular mechanisms of 
antiproliferative effects from 10-H2DA treatments against MCF-7 breast cancer cells.  
Specifically, the data demonstrated that 10-H2DA (1.25, 12.5 and 125 µg/mL) 
treatments inhibited MCF-7 cancer cell proliferation in a dose-dependent manner. 
Treatment with 125 µg/mL 10-H2DA effectively decreased cancer cell viability to 
36.4%.  The underlying mechanisms involved reduction of pivotal protein expression 
levels of C-MYC, cyclin D1, CDK4, cyclin B1, h-TERT, and also BCL2/BAX ratio, resulting 
in an inhibition of cell proliferation, cell cycle arrest (mostly at G0/G1), shortened 
lifespan, and induction of cell apoptosis. 

Our results provide mechanistic understanding of previous studies which 
demonstrated that 10-H2DA had antitumor activities against transplantable leukemia, 
the ascites form of Ehrlich carcinoma and the TA3 mammary carcinoma in AKR mice 
(18).  In addition, antitumor activities of RJ against tumor transplantable mice were 
highly effective against Ehrlich and Sarcoma 180 solid tumors and less effective against 
Ehrlich and Sarcoma-180 ascites tumors but not effective against slow growing tumors 
such as advance leukemia (114).  In addition, 10-H2DA also showed anti-inflammatory 
activities.  It inhibited lipopolysaccharide (LPS)-induced IkB-zeta and interleukin 6 (IL-6) 
production on LPS-induced cytokine production in murine macrophage cell line, 
RAW264 cells. It inhibited LPS- and interferon beta (IFN-β)- induced nitric oxide (NO) 
production through inhibiting nuclear factor-kB (NF-kB) activation (115).  Taking into 
account of in vivo animal studies and our in vitro molecular studies, 10-H2DA has a 
potential as a candidate for anti-inflammation and anticancer. 

Nevertheless, our data indicated that 10-H2DA treatments stimulated 
antioxidative response by high induction of HO-1 and NRF2 levels.  These anti-oxidative 
activities protected microenvironment against oxidative damage.  Frohlich et al., 2008 
reported that the loss of NRF2 increased oxidative stress and DNA damage in the 
initiation of prostate tumorigenesis (116).  Therefore, cancer cells under protected 
environment with inhibition of oncogene c-MYC and induction of cell cycle delay may 
selectively regain normal cell growth by decreasing tumor cell invasion and 
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metastastis.  Correspondingly, Gharaee-Kermani, et al., (2016) reported that resveratrol, 
induced phenoconversion of myofibroblast to lung and prostate fibroblast (117).  
Melling, et al., (2018) used miRNA-145 reverted cancer-associate fibroblast towards a 
normal fibroblast phenotype (28).  Induction of NRf2 and HO-1, therefore, might 
provide protective microenvironment having benefits  not only for protecting  
neighboring normal cells from oxidative damage but also for leading irregular 
uncontrolled growth of cancer cells towards controlled normal growth.  Our study also 
revealed that RJ substantially enhances NRF2 and HO-1 on human lymphocytes (99).  
Pretreatments of RJ protected DXR-induced genotoxicity on human lymphocytes with 
highly induction of NRF2 and HO-1 as well (118).  Alternatively, increased antioxidative 
response, NRF2 and HO-1 could also cause harm by promoting cancer cell survival and 
resistance.  Indeed, it has been reported that overexpression of NRF2 has selective 
advantage for cancer cells survival (119, 120). 

 
5.5 Effects of 10-H2DA co-treatments with DXR on MCF-7 breast cancer cell line 

 
Our present study demonstrated that co-treatments of 125 µg/mL 10-

H2DA potentiated DXR-increased antiproliferation against MCF-7 breast cancer cells by 
62.4%, compared to DXR treatment alone. It increased cell apoptosis (decreased 
BCL2/BAX: 0.5-fold and increased p53/BAX: 1.1-fold), decreased cell proliferation 
(decreased c-MYC/BAX: 0.3-fold), increased cell cycle arrest at G0/G1 (decreased cyclin 
D1: 0.4-fold and CDK4: 0.3-fold), compared to DXR alone. In addition, it increased 
antioxidative response (increased NRF2/BAX: 1.9-fold and HO-1/BAX: 3.0-fold) and 
increased lifespan (increased hTERT/BAX: 1.8-fold).  These values also concur with 
increasing in percentages of cells in sub G1 (increased cell apoptosis). Therefore, the 
highest dose of 10-H2DA co-treatment inhibited cancer cell growth effectively through 
inhibition of oncoprotein transcription factor (c-MYC), induction of cell cycle arrest 
(decreased cyclin D1 and CDK4), and induction of cell apoptosis (decreased BCL2/BAX).  
However, the effectiveness of antiproliferation strictly depends on the dose.  The 
lowest dose of 10-H2DA co-treatments tended to enhance cancer cell proliferation 
more effectively than DXR treatment alone did. It increased BCL2/BAX (1.3-fold), c-
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MYC/BAX (1.3-fold), h-TERT/BAX (4.3-fold), although it increased p53/BAX (3.1-fold), 
NRF2/BAX (1.3-fold), and HO-1/BAX (1.8-fold).  It increased cell cycle progression from 
G1 to S phase (increased cyclin E1: 1.5 fold) and G2 to M phase (increased cyclin B1: 
1.2 fold), however it still slightly increased cell cycle arrest at G0/G1 (decreased cyclin 
D1 (0.8-fold and CDK4 (0.9-fold). Cells had less apoptosis (less cells in sub G1 (0.3-
fold)). 

Previous studies have reported various pharmacological activities of 10-
H2DA. It decreased triglyceride, cholesterol, low density lipoprotein (LDL) and 
increased high density lipoprotein (HDL) in hyperlipoidemic rats (121).  It promoted 
collagen production by human skin fibroblasts cell line in the presence of ascorbic 
acid-2-O-alpha-glucoside (AA-2G) (122), promoted neurogenesis by neural 
stem/progenitor cells in vitro (123) and extended lifespan of the nematode 
Caenorhabditis elegans (20). Importantly, it inhibited VEGF-induced angiogenesis on 
human umbilical vein endothelial cells (21) and inhibited LPS-induced inflammatory 
response through inhibition of IL6, TNFα, NO, COX-2, IL-10, JNK in RAW264.7 
macrophage cell line, which substantiated anticancer properties (13). Viewing these 
advantages of 10-H2DA, combination of 10-H2DA with DXR have beneficial effect for 
chemotherapy.  From the present study, 10-H2DA co-treatment at the highest dose 
markedly inhibited cancer cell proliferation with less side effects on neighboring cells 
compared to DXR treatment alone.  It modulated all dominant regulators, c-MYC, p53, 
hTERT, cyclins and CDK leading cell to apoptosis.  It increased antioxidative power to 
the cells and protected cells from aggressive deterioration.  The number of dead cells 
caused by apoptosis was higher than that caused by necrosis, which which probably 
agrees with less side effect toxicity. Frohlich et al., 2008 reported that the loss of NRF2 
initiates oxidative stress and DNA damage, and leads to prostate tumorigenesis (116).  
Therefore, increased NRF2 and HO-1, antioxidative responses provide unharm 
microenvironment and possibly reduce cancer cell proliferation. However, activation 
of these antioxidative power could increase self-protection of cancer cells leading to 
cancer resistance to chemotherapy. Yang et al., 2015 reported that NRF2-mediated 
ATP binding cassette transporter G2 (ABCG2) was over expression in lung 
adenocarcinoma SP cells involving in multidrug resistance (124).  It is, therefore, careful 
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monitoring is required if 10-H2DA co-treatment is used for a long-term. Usage for a 
period of time and dosage control are needed for effective treatment and limited the 
resistance.  

In conclusion, our study provides insight molecular evidence on 
antiproliferative activities of 10-H2DA co-treatment with DXR against MCF-7 breast 
cancer cell line. At specific doses, 10-H2DA in combination with DXR sharply inhibited 
c-MYC/BAX, BCL2/BAX, cyclin D1 and CDK4 and activated p53/BAX leading to inhibition 
of cancer cell growth, inducing cell cycle arrest and apoptosis.  Concurrently, its ability 
in promoting antioxidative response possibly allowed cells to undergo in controlled 
and regular manner and less aggresiveness.  However, caution of induction of cancer 
cell resistance is needed. Further in vitro and in vivo studies are needed to verify 
proper administration of 10-H2DA in chemotherapy. 

In conclusion, our study evaluate the effectiveness of RJ and 10-H2DA for 
chemoprevention on human lymphocytes and chemotherapy on MCF-7 breast cancer 
cells.  On human lymphocytes, RJ at proper dose which is not genotoxic, enhanced 
normal cell growth, longevity and antioxidative response.  It protected human 
lymphocytes from DXR-induced DNA damage by inducing of cell cycle arrest, and cell 
apoptosis by increasing antioxidative response and longevity through cyclin D1, 
BCL2/BAX, NRF2/BAX and h-TERT/BAX.  This study reveals the effectiveness of RJ as a 
potential chemopreventive compound in promoting cell growth, protecting human 
lymphocyte cells from oxidative damage and promoting longevity.  In addition, this 
study demonstrated the effectiveness of 10-H2DA at proper dose as a potential 
chemotherapeutic compound in inhibiting MCF-7 cell growth and enhancing cell 
apoptosis and cell cycle arrest.  Combination with DXR potentiates the effectiveness 
of cytotoxic effects against cancer cells.  However, both RJ and 10-H2DA at proper 
doses increase antioxidative power by induction of NRF2.  This provides protection 
from oxidative damage for both normal cells and cancer cells therefore it might lead 
to cancer cell resistance although protecting normal cells.  At last, careful selection of 
the dose and monitoring of the usage of these compounds are important for the 
effectiveness.  Further in vitro and in vivo study are needed to assure the usefulness 
of RJ and its products.  
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APPENDIX  
REAGENTS FOR LABORATORY EXPERIMENTS  

 
1. Reagents for SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) 

preparation 
 

10x running buffer (1L) 
 25 mM Tris    30.2 g 
 192 mM glycine    144 g 
 1% SDS      10 g 
Adjust to a final volume of 1,000 mL with deionized water and keep at 

4 C until use. 
 
1x running buffer (working solution) 
 10x running buffer   100 mL 
 Distilled water   900 mL 
 

Stacking gel buffer (0.5 M tris-HCl, pH 6.8, 100 mL) 
 Tris    1.5 g 
 Deionized water   80.0 mL 
Adjust pH into 6.8 and add deionized water to final volume 100 mL 
 

Separating (resolving) gel buffer (1.5 M tris HCl, pH 8.8, 200 mL) 
 Tris    9.08 g 
 Deionized water   150 mL 
Adjust pH 8.8 and add deionized water to a final volume 200 mL 
 

10% APS (Ammonium per sulfate) 
 Ammonium persulfate   10.0 g 
 Deionized water   100 mL  
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10% SDS (Sodium dodecyl sulfate) 
 SDS    10.0 g 
 Deionized water   100 mL 

 
      Table A-1 Recipes for resolving and stacking gels 

Reagents 
Resolving gel Stacking gel 

7.5% 10% 4% 

30% Acrylamide/Bis 
solution, 29:1 (Bio-Rad) 

3.75 mL 5 mL 1.98 mL 

Resolving buffer 3.75 mL 3.75 mL - 
Stacking buffer - - 3.78 mL 

10% SDS 150 µL 150 µL 150 µL 

Deionized water 7.28 mL 6 mL 9 mL 
10% APS 75 µL 75 µL 75 µL 

TEMED 7.5 µL 7.5 µL 15 µL 

Total 15 mL 15 mL 15 mL 
 

2.  Reagent for Western blot preparation  
10x Tris-buffered saline (TBS) for 1 L: 

Tris base     24 g 
NaCl      88 g 
Dissolve in 900 mL distilled water pH to 7.6 with HCl,  Add distilled 

water to a final volume of 1 L.  
 

Tris-buffered saline, 0.1% Tween 20 (TBST) for 1 L: 
10x TBS 10x    100 mL 
Distilled water    900 mL 
Tween 20    1 mL  
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stripping buffer for 100 mL 
10% SDS     20 mL 
0.5 M Tris HCl, pH 6.8,   12.5 mL 
Distilled water    67.5 mL 

β-mercaptoethanol   0.8 mL 
 

10x Towbin Buffer for 1L 
25 mM Tris-HCl    30.3 g 
192 M glycine    144 g 
10% SDS    100 mL 
adjust volume to 1 L by distill water 
 

1x Towbin Buffer for 1 L  
10x Towbin Buffer   100 mL 

   methanol    200 mL 
adjust volume to 1 L by distilled water 
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