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Abstract

Cancer mortality is a global concern. The current therapeutic approaches despite showing efficacy are characterized by several
limitations. Search for alternatives has led to the use of herbal plants including C. edulis and P. capensis. However, there is limited
research on antiproliferative effects of these medicinal plants. The study sought to evaluate antiproliferative effects of the plants
against human breast and prostate cancers using cell viability, and gene expression assays to determine modulation of apoptotic
genes. Further, Liquid Chromatography Mass Spectrophotometer (LC-MS) and Gas Chromatography Mass Spectrophotometer
(GC-MS) analyses were performed to confirm phytocompounds in the extracts. The results indicated that ethylacetate extracts
of C. edulis and P. capensis had the highest activity against cancer cells with 1Csq values of 2.12 +0.02, and 6.57 +0.03 pug/ml on
HCC 1395 and 2.92 +0.17 and 5.00 +0.17 ug/ml on DUI45, respectively. Moreover, the plants extracts exhibited relatively
less cytotoxic activities against Vero cell lines (ICsp > 20 pug/ml). The extracts also exhibit selectivity against the cancer cells (Sl
>3). Further, mRNA expression of p53 in the treated HCC 1395 was increased by 7 and 3-fold, whereas by 3 and 2-fold in
DU145 cells, upon treatment with ethylacetate extracts of C. edulis and P. capensis, respectively. Similarly, several-fold increases
were observed in the number of transcripts of Bax in HCC 1395 and HOXBI3 in DU 145 cells. Phytochemical analyses detected
presence of phytocompounds including flavonoids, phenolics, tocopherols and terpenoids which are associated with anticancer
activity. Findings from this study provide a scientific validation for the folklore use of these plants in management of cancer.
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Introduction

Cancer is a global pandemic. Estimates show that in 2020, more
than 10 million cancer deaths were reported.' Furthermore, the
global cancer burden is anticipated to upsurge to 28.4 million
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cases by 2040, representing a 47% rise from the case load of
2020.> Much of the cancer burden is expected to occur in the
developing countries due to poor access to early detection
and treatment.>* Molecular understanding of the mechanisms
behind various variables in cancer has advanced recently,
whereby neoplasia is considered as a complex yet extremely
coordinated multistep process characterized by alteration of
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genes controlling basic aspects of cellular functions such as
apoptosis, cell proliferation and DNA repair.”

Principal targets of genetic modifications include tumor sup-
pressor genes such as p53 and HOXB13. Activated p53 targets
downstream genes such as BAX and p21/ involved in induction
of various signaling pathway such as apoptosis and cell cycle
arrest.® In addition, TP53 promotes impairment of P13/AKT
pathway, which plays a crucial role in diverse cellular functions
such as proliferation, through the induction of PTEN.” Notably,
it has been reported that alteration of P13/AKT/ pathway contrib-
utes to the initiation and progression of cancer.® Additionally, the
HOXB13 protein has been linked to diverse cellular processes,
including cell division, apoptosis, cell differentiation, and migra-
tion.” Thereby, inactivation of these genes eliminates their negative
regulations over cellular proliferation resulting in uncontrolled cell
proliferation and eventually cancer.'

Current treatments for cancers include radiation cryosur-
gery, chemotherapy, hormonal and radiation therapy.'
Chemotherapeutic approaches target vulnerabilities in cancer
cells to induce apoptosis. However, despite the fact that these
treatments have showed efficacy, adverse effects have been
observed in patients. These effects are attributed to the nonspe-
cific nature of chemotherapeutic drugs, resulting in targeting of
noncancerous cells in the body.'! Moreover, belligerent meta-
static cancers pose a risk of relapse after remission by chemo-
therapy treatments.'> Chemotherapy resistance has also
presented an emerging obstacle, bringing in capricious resis-
tance and unsatisfactory outcomes to antineoplastic and cyto-
toxicity agents.'> Surgery is only limited to localized tumors.'*

The complexity associated with current treatments, their lim-
itations and high costs, necessitate the need to explore safe,
affordable and efficacious chemotherapeutic drugs.'> One such
alternative is the use of phytotherapeutics.'®'® Furthermore,
current research has identified a number of medicinal herbs
with potential antineoplastic possibilities. Among these are
medicinal plants including Prunus africana, Caranthus roseus,
and Molinga oleifera.'®° Besides, plant derived compounds
such as vincristines, taxol and vinblastine have improved the
effectiveness of chemotherapy against neoplastic cells.”!
Anticancer efficacy of medicinal plants is attributable to diversity
of their chemical properties, structural nature and minimal toxic-
ity."> Furthermore, herbal medicine is arguably available, afford-
able and cultural acceptability.*>

Carissa edulis and Pappea capensis are medicinal plants
belonging to the families Apocynaceae and Sapindaceae,
respectively.”> Carissa edulis also known as Carissa spira-
num** is a fast growing branched evergreen shrub, with a
scrambling height of up to 5 m with a milky sap, forming a
dense canopy. Young branches are green and smooth with
short hair but as they mature they become light brown with
cracks. Leaves which simple and opposite have an ovate to
ovate-elliptic shape with a dark green color above and a pale
green colour below.”> The plant occurs in bushveld, more so
in riverine and dry vegetation and in evergreen or deciduous
woodland. It is well distributed from East Africa and Senegal
in the north to Limpopo and Mpumalanga in the south.?’

Pappea capensis, commonly known as a wild plum, indaba
tree or Jacket plum is a small to medium monoecious tree with a
height of about 4 m.?® Depending on environmental conditions;
it may be deciduous or evergreen. The leaves are simple, hard
textured and waxy and are usually crowded at the edge of
branches. The fruits are furry green capsules that eventually
split to release an edible red flesh containing black seed P.
capensis is widely distributed in the southern part of Africa
where its coverage runs from Northern Cape through
Mozambique and northwards into Zambia and Botswana.*

C. edulis and P. capensis are used among African communi-
ties to treat coughs, malaria, stomach ache, diarrhea ulcers,
rheumatism and diabetes.”’*® In addition, they are claimed to
have anticancer activities based on the folktale practices.
However, there is a dearth of knowledge to scientifically vali-
date their medicinal potential on breast and prostate cancers,
and their modes of action. Hence, the present study aimed at
investigating antiproliferative activities of C. edulis and P.
capensis extracts on human breast and prostate cancer cell
lines, HCC 1395 and DU145, respectively, along with their
modulation on apoptotic-related genes, p53, BAX and HOXBI3.

Materials and Methods
Collection and Preparation of Plant Extracts

Fresh leaves and stem barks of C. edulis and P. capensis were
collected from Nthawa location, Mbeere North, Embu
County, Kenya. The study area is located between Latitude
0°35°39°20.816°’S and longitude 37°27°34.71"’E. Authentication
of plants specimens was done by an acknowledged taxonomist
and the voucher specimen deposited at Plant Science
Departmental Herbarium. For future reference the samples
were assigned voucher specimen number; C. edulis was
assigned voucher specimen number 2018/CM1 whereas
P. capensis, 2018/CM2. Fresh plants parts were shade dried
at room temperature. The dried samples were pulverized into
fine particles, followed by extraction using aqueous, ethylace-
tate (EtOAc) and dichloromethane (DCM) solvents.
Extraction was carried out using protocols earlier described
by Nelson ef al'” and Pendota ef al*® with slight modifications.

For aqueous extraction, a mass of 350 g of powdered
C. edulis leaves and P. capensis stem barks was each
weighed and soaked separately in 1L of double distilled water.
Extraction was then performed in a water bath at 60°C for 2 hr.
The extracts were allowed to cool after which they were decanted
and re-soaked in a water bath at 60°C for a further 2 hrs. This was
followed by filtration using filter paper and double layers of
muslin cloth. The filtrates were thereafter freeze dried.

For the organic extraction, the powdered C. edulis leaves and
P. capensis stem bark were each weighed and steeped sepa-
rately in IL of EtOAc (98%) and DCM (98%) for 24 h.
Thereafter, the extracts were decanted and re-soaked with the
respective solvent (1000 ml) for a further 24 h. The extracts
were filtered and concentrated under a vacuum rotary evapora-
tor at 40°C.
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Cell Culture and Treatment

The cell lines, Vero, human breast cancer (HCC 1395) and
prostate cancer (DU-145) used in this study were obtained
from America Type Culture Center (ATCC, Rockville, MD)
through the Centre for Traditional Medicine and Drug
Research (CTMDR), KEMRI. The cells were cultured in a
T75 culture flask containing Dulbelcco’s Modified Eagle
Medium (DMEM) complemented with1% L-Glutamine, 10%
Fetal Bovine Serum (FBS) and 1% streptomycin. Thereafter,
they were incubated for 48 h at 5% CO, and 37 °C to attain con-
fluence, after which they were trypsinized to detach them from
the flask. Cell count was performed by trypan blue exclusion
test. To attain an optimal seeding density per well, (2 x 10%),
cell suspension was diluted accordingly. A 100 ul cell suspen-
sion was seeded in 96 well plates and incubated at 37 °C and 5%
CO, for 48 h.

Cell treatment was done by adding 15 pl of test sample to
wells in rows. Maintenance media (DMEM) (35 pl) was added
to make a volume of 150 pul in each well. A 3 fold serial dilution
was performed from raw II to VII to give 7 concentrations; 100,
33.33,11.11, 3.70, 1.23, 0.41 and 0.14 ug/ml. Row I of 96 well
plates remained untreated and served as negative control. This
procedure was done for each plant extract and in triplicate.
Doxorubicin served as positive control (reference drug). The
cells were incubated in a humidified environment for 72 h.

Cell Viability Assay

In vitro growth inhibitory effects of the plant extracts were colo-
metrically evaluated using MTT assay. The assay relies on a
principle whereby mitochondrial succinate dehydrogenase cat-
alyzes the reduction of a water soluble tetrazoliums salt, MTT,
into an insoluble blue formazan product, by cleavage of tetrazo-
lium rings. Formation of formazan reflects cell viability which
is measured spectrophotometrically. For this assay, MTT
(5 mg) was dissolved in 1 ml phosphate-buffered saline.
Thereafter, into each well, MTT dye (10 ul) was added fol-
lowed by incubation for 2 h. Formazan formed was dissolved
using DMSO. Absorbance was read at 540 nm. Percentage
growth inhibition and the half maximal inhibitory concentration
(ICs) for cancer cell lines and cytotoxic concentration (CCsg)
for normal cell lines were determined. The selectivity index
values (SI) were computed by dividing the CCs, of normal
cells by ICs values of cancer cells.”’

RNA Extraction and Quantitative RT-PCR

The PureLink RNA Mini Kit (Life technologies, USA) was used
to isolate RNA from cells pre-treated with the EtOAc extracts of
C. edulis and P. capensis. The extracts were considered since
they exhibited the highest in vitro antiproliferation activities as
well as the highest selectivity index values against HCC 1395
and DU145 cells. The quantity and purity of the extracted
RNA was analyzed using NanoDrop ND-2000 spectrophotome-
ter (Thermofischer). The isolated RNA was transcribed into

c¢DNA using FIREScript RT Complete Oligo-(dT) cDNA synthe-
sis kit (Solis BioDyne, Estonia). Thereafter, expression of three
genes (wild type TP53, BAX and HOXB13) was measured by
HOT FIREPol EvaGreen qPCR mix kit (Solis BioDyne, Tartu,
Estonia). Notably, HCC 1395 and DUI45 both have mutant
TP53 gene.®*° In addition, the DU145 cell line has a mutant
HOXBI3 gene.>' Conditions used for PCR amplification were;
incubation step at 95 °C for 12 min, denaturation step at 95 °C
for 15 s (50 amplification cycles), annealing steps for 30 s at
58°C and finally extension step for 1 min at 72 °C. Melting
curve analysis was carried out so as to verify specificity of the
amplicon. Relative expression of gene was quantified as per stan-
dard 2-Act calculation using GADPH as the housekeeping gene.

Quantitative Phytochemical Analyses

Liquid Chromatography-Mass Spectrometry Analysis. In this analy-
sis, chromatographic separation was done using an ACQUITY
UPLC BEH C18 column (Waters Corp., Wexford, Ireland). The
oven temperature was set at 45 °C. Two solvent with 0.01%
formic acid, A (water) and B (methanol), were the mobile
phase. The solvent gradient system used was initiated at 5% B
and a final 100% held for 20 min at a flow rate of 0.2 ml/min.
The MS were equipped with a nano electrospray ion source in
positive mode. The MS scan parameter included the m/z range
40-2000 and desolvation temperature of 150°C and 120°C.
Drying gas (nitrogen) flow rate was set at 800 L/h. LC-MS data
were controlled with MassLynx version 4.1 SCN 712 (Waters).
Probable assignments of detected compounds were determined
after generation of mass spectrum for each peak. In addition, com-
pound identities were determined by establishing molecular ion
peaks using adducts, common fragments and literature online
databases (METLIN, ChemSpider) and where possible verified
with authentic samples through co-injections.

Gas Chromatography-Mass Spectrometry Analysis. Analysis was
undertaken with a GC-MS instrument equipped with a BPX5
non-polar capillary column, 30 m; 0.25 mm ID; 0.25 um film
thickness. Starting temperature was set at 35°C (5 min); for
10.5 min, the temperatures were increased (10°C /min to
250°C). This was followed by a further increase for 29.9 min
at 285°C The injection temperature was set at 200°C and the
carrier gas, He, at a flow rate of 1.25 ml/min in splitless
mode. An EI system with IE of 70 eV was used for detection.
GC-MS analysis was conducted using Shimadzu QP 2010-SE
with line temperature at 280°C and the ion source temperature
was 230°C in electron impact mode. MS scan parameters
included temperature of the interface (250°C), EI ion voltage of
70 eV, 3.3 min of solvent cut time, mass range of 50-600 m/z,
and scan speed, 1666 pum/s.

Determination of Phytocompounds Concentration. Concentrations
of phytocompounds were quantified using calibration curves of
external standards. For LC-MS analysis, oleic acid was used as
the external standard whereas hexadecanoic acid was consid-
ered for GC-MS analysis.
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Statistical Analysis

Data on absorbance of in vitro antiproliferative activities were sub-
jected to descriptive statistics. Values were expressed as Mean +
SEM. Statistical differences among treatments were tested with
One-way ANOVA, followed by Tukey’s post-hoc test for multiple
comparison tests at significant level of p <0.05. ICs, values were
computed using linear regression analysis (GraphPad Prism 5
(San Diego, US). Gene expression fold change was calculated
using Quantstudio™ Design and analysis software (Thermo
Scientific, USA). Interpretation on mass spectra LC-MS and
GC-MS was performed based on reference published by
Adams and Chemical mass spectral databases together with
the library-mass spectral database (NIST library).

Results

Antiproliferative Effects of C. edulis and P. capensis
Extracts

Antineoplastic effect of C. edulis and P. capensis extracts was esti-
mated by MTT assay. Results shown in Figures 1, 2, 3 and 4, dem-
onstrated specific antiproliferative activities of extracts toward
HCC 1395 and DU145 cells. Additionally, all the tested extracts
elicited dose-dependent inhibition of the cancer cells. Growth
inhibitory activities of C. edulis and P. capensis were also quanti-
fied in terms of ICs( (Table 1). The National Cancer Institute (NCI)
criterion was used whereby an ICs5o< 20 pg/ml was considered
highly active whereas ICs, value of 21-100 pg/ml was consid-
ered moderate active and above ICsy > 100 pg/ml was considered

100

% Inhibition

0.14 0.41 1.23 3.70 11.11 33.33 100

Concentration (ug/ml)

El Doxorubicin

Bl C. edulis EtOAc
B C. edulis DCM
Bl C. edulis aqueous

Figure 1. In vitro antiproliferative activities of C. edulis extracts on HCC 1395. Bar with no asterisks within the same concentration are
significantly different (p <0.05) by one-way ANOVA followed by Tukey’s post hoc tests. Key: HCC 1395-breast cancer cell line; EtOAC-ethyl

acetate; DCM-dichloromethane.
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Figure 2. In vitro antiproliferative activities of P. capensis extracts on HCC 1395. Bar with asterisks within the same concentration are not
significantly different (p>0.05) by one-way ANOVA followed by Tukey’s post hoc tests. Key: HCC 1395-breast cancer cell line; EtOAc-ethyl

acetate; DCM:dichloromethane.
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Figure 3. In vitro antiproliferative activities of C. edulis extracts against DU145. Bar with no asterisks within the same concentration are
significantly different (p <0.05) by one-way ANOVA followed by Tukey’s post hoc tests. Key: DU[45-prostate cancer cell line; EtOAc-ethyl

acetate; DCM-dichloromethane.
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Figure 4. In vitro antiproliferative activities of P. capensis extracts against DU[45. Bar with asterisks within the same concentration are not
significantly different (p > 0.05) by one-way ANOVA followed by Tukey’s post hoc tests. Key: DU145- prostate cancer cell; EEOAC-ethyl acetate;

DCM-dichloromethane.

Table I. 1Csy and CCsq of Different Solvents Extracts of C. edulis and P. capensis.

VERO CCs, (ug/ml)

Plant Sample Solvent HCC 1395 ICsp (ug/ml) DUI45 ICsq (ug/ml)
C. edulis Aqueous 8.49+0.23° 1024 +0.11° 25.49 +0.20°
DCM 5.77 +0.30° 408+0.17¢ 24.81 +0.10°
Ethylacetate 2.12+0.12¢ 2.92+0.17% 28.60 +0.25°
P. capensis Aqueous 10.33 +0.52° 12.67 +0.467 24.73 +0.03°
DCM 7.01 +0.05¢ 10.09 +0.38° 23.00 +0.28¢
Ethylacetate 6.57 +0.03° ¢ 5.00+0.17¢ 212440212
Doxorubicin 1.80 +0.03¢ 1.88+0.11°¢ 2.47 +0.03¢

Values not sharing a lowercase alphabet superscript column-wise are significantly different (p <0.05) (mean +SEM; n=3).
Ke)’l DCM-DichIoromethane, ICSO —Half—maximal Inhibitory Concentration; CCSO—SO% cytotoxic concentration; HCC 1395—Breast cancer cell line; DUI45—Prostate cancer cell line.
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Table 2a. Selective Index of C. edulis Extracts.

Plant Sample Solvent HCC 1395 DUI145
C. edulis Aqueous 2.94¢ 2.48°
Ethylacetate 13.49% 9.79%
DCM 4.30° 6.08°
Doxorubicin 1.37¢ 1.31¢
Table 2b. Selective Index of P. capensis Extracts.
Plant Sample Solvent HCC 1395 DUI145
P. capensis Aqueous 2.06° 1.95¢
Ethylacetate 4.8° 6.40°
DCM 3.00° 2.00°
Doxorubicin 1.37¢ 1.31¢

Key: HCC 1395- Breast cancer cell line DU145-Prostate cancer cell line;
DCM-Dichloromethane.

inactive (Boik, 2001). Aqueous, EtOAc and DCM extracts of
C. edulis were highly active against HCC 1395 with ICs,
values of 8.49+023 2.12+0.02, and 5.77 £0.30 pg/ml,
respectively. The extracts were also potent on the DU145 cell
line. Similarly, all the P. capensis extracts showed cytotoxic
effects on DU145 cell lines with ICs, values of 12.67 +0.46,
5.00+0.17, and 10.09 +0.38 for aqueous, EtOAc and DCM
extracts, respectively. Moreover, the HCC1395 cells were sus-
ceptible to P. capensis extracts. All the extracts exhibited rela-
tively less cytotoxic activities against Vero cell lines

Selectivity index

The degree of selectivity of plants extracts and doxorubicin was
expressed by selectivity index (SI). SI was computed based on
the ratio of CCsq to ICsq values. A value greater than 3 was con-
sidered highly selective. As shown in Table 2, the EtOAc
extract of C. edulis displayed the highest degree of selectivity
against HCC 1395 and DUI145 cell lines with SI values of
13.49 and 9.79 respectively. The aqueous extract of C. edulis
had the least SI value (2.94 for HCC 1395 and 2.48 for
DU145). Similarly, P. capensis extracts induced selective cyto-
toxicity towards the cancer cell lines, whereby the EtOAc
extract exhibited the highest SI value for HCC 1395 (4.8) and
DU145 (6.40). The least SI value was exhibited by the
aqueous extracts of P. capensis. Doxorubicin displayed a sig-
nificantly lower SI value compared to those P. capensis and
C. edulis extracts towards the cancer cell lines (p <0.05).

Gene Expression Analysis

To determine possible mechanisms of apoptotic induction, gene
modulation changes of pro-apoptotic genes were investigated.
Isolated RNA from all the extracts demonstrated high purity
and quality. Results in Figure 5 show that the mRNA expres-
sion of p53 in the treated HCC 1395 was significantly increased
by 7-fold and 3-fold after treatment with EtOAc extracts of C.
edulis and P. capensis, respectively (p<0.05). Further, the

100
 p53

Bl Bax

Relative Quantification

Figure 5. Upregulation of p53, bax in HCC 1395 cells by
ethylacetate extracts of C. edulis and P. capensis. Bars with asterisks per
gene are not significantly different (p >0.05) by one way ANOVA
followed by Tukey’s post hoc test. Key: HCC |396-breast cancer cell
line; EtOAc-ethyl acetate.
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BB HOXBI3
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Figure 6. Upregulation of p53, bax and HOXB/3 in DU145 cells by
ethylacetate extracts of C. edulis and P. capensis. Bar with different
lowercase letters per gene are significantly different (p <0.05) by
one-way ANOVA followed by Tukey’s post hoc tests. (Bars equals to
mean + SEM; n=3). Key: DU145-prostate cancer cell line;
EtOAc-ethyl acetate.

extracts were able to modulate the expression of BAX in HCC
1395 cells in a significant manner. A significant increase of
about 3-fold and 2-fold in p53 expression was also observed
in DU145 cells with C. edulis and P. capensis extracts treat-
ment, respectively, compared to the untreated cells (Figure 6).
Similarly, several-fold increases were observed in the number
of transcripts of BAX of DU145 cells in response to treatment
with both extracts. Results also indicated that treatment of
DU145 with extracts led to a marked increase in the expression
of HOXB13 gene. However, there were no significant changes
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Table 3. Phytochemical Profile of Aqueous Extracts of C. edulis and P. capensis.

Plant Extract Class of compounds ~ Compound Name

Molecular Formula ~ Retention Time (min)  Conc. (ug/mg)

Aq.C edulis Phenolics P-coumaric acid CsHgO3 2.04 0.012
4-hydroxycinnamonic acid CoHgO3 1.54 0.006

Catechin CisH4Oq 1.31 0.007

Epichatechin C5H4O0q 1.44 0.066

Dicaffeoylquinic acid CysH»40,, 6.28 0.113

Rutin C27H3oo|6 494 0.006

Citric acid CeHgOg 1.58 0.120

Flavonoids Apigenin Ci5H,005 9.39 0.071
Luteolin C | 5H |006 9.42 0.091

Quercetin CisH,007 9.48 0.002
Quercetin-3-O-Rhamnoside C,1Hy00 9.13 0.024
Quercetin-3-O-glycosyl-xyloside CyeH280 ¢ 6.53 0.100

Aq.P. capensis Phenolics P-coumaric acid CyHgO3 20.18 0.098
4-hydroxycinnamonic acid CyoHgO3 1.51 0.014

Ellagic acid Ci4H¢Og 9.57 0.001

Catechin C5H4O0, 1.30 0.021

Epichatechin CsH4Oq 1.40 0.020

Flavonoids Rutin Cy7H300¢ 470 0.093
Apigenin CisH,00s5 9.45 0.011

Kaempferol Ci5H,00s 9.14 0.005

Lutelion C|5H|oo6 9.33 0.014

Quercetin CisH,007 1.69 0.038
Quercetin-3-O-rhamnoside Cy1Hy00 8.61 0.038

Key: Aq. C. edulis- Aqueous C. edulis; Aq. P. capensis-Aqueous P. capensis; min-Minute.

in the expression levels of the gene upon treatment with doxor-
ubicin as compared to the untreated cells (Figure 6; p>0.05).

Phytochemical Analysis

Phytochemical analysis of aqueous extract of C. edulis and
P. capensis by LC-MS identified various phenolics and fla-
vonoids in varying quantities (Table 3). In the C. edulis
extracts, the most abundant organic acid and phenolic com-
pounds were citric acid (0.12 pg/mg), dicaffeoylquinic acid
(0.113 pg/mg), and epicatechin (0.066 ug/mg). The main fla-
vonoids were quercetin-3-O-glycosyl-xyloside (0.1 pg/mg),
lutelion (0.09 pg/mg) and apigenin (0.071 pg/mg). In the
analysis of the aqueous extract of P. capensis, polyphenols includ-
ing p-coumaric acid (0.098 pg/mg), catechin (0.021 pg/mg), epi-
chatechin (0.020 pg/mg) were in major concentration. Findings
also showed that rutin was the most abundant flavonoids,
with a concentration of 0.093 pg/mg. Other detected flavonoids
included quercetin and quercetin-3-O-rhamnoside each with
abundances of 0.038 pg/mg, lutelion (0.014 pg/mg), apigenin
(0.011 pg/mg) and kaempferol (0.005pg/mg). The LC-MS
spectra of aqueous extract of C. edulis and P. capensis with dif-
ferent retention time are shown in figures 7 and 8, respectively.

GC-MS analyses of EtOAc extract of C. edulis confirmed 18
phytocompounds whereas that of P. capensis revealed 23 com-
pounds (Table 4). The compounds were categorized into 5
chemical classes: terpenoids, phytosterol, fatty acids and their
derivatives, and phenolics. The terpenes/terpenoids present in
the extracts were further classified into 4 groups; monoterpenes,

sesquiterpenoids, diterpenoids and triterpenoids. As shown
in Table 2, five triterpenoids were detected in the C. edulis
extract, whereby a-amyrin, squalene, p-amyrin were found in
highest concentration of 9.14 ng/mg, 4.0 pg/mg, 0.55 pug/mg
respectively. Furthermore, phytosterols including p-sistosterol
(3.2 pg/mg), campesterol (0.68 pg/mg), and stigmasterol
(0.68 pug/mg) were detected in the EtOAc C. edulis extract. The
results also revealed presence of fatty acids and their derivatives,
namely palmitic acid, stearic acid, oleic acid, tetradecanoic and ben-
zenepropanoic acid, 3, 5-bis (1, 1-dimethylethyl)-4-hydroxy-methyl
ester, in the order of their abundances. a-Tocopherol (2.97 pg/mg)
and p-Tocopherol (0.15 pg/mg) forms of vitamin E were also
present in the extract.

In turn, the analysis of EtOAc extract of P. capensis detected
presence of monoterpenoids including P-cymene and camphor
(Table 4). p-Amyrin (1.70 pg/mg), betulin (0.61 pg/mg) and
a-Amyrin (0.38 pg/mg) were the triterpenoids present in eth-
ylacetate extract of P. capensis. Furthermore, GC-MS analysis
showed presence of three phytosterols whereby stigmasterol
(2.00 pg/mg), stigmast-7-en-3-ol (1.96 ng/mg) and stigmast-
4-en-3-one (0.42 pg/mg) were found in major concentration.
Three forms of vitamin E were also detected in the extracts
including B-tocopherol (1.28 pg/mg) a-tocopherol (0.27 pg/mg)
and y-tocopherol (0.25 pg/mg). GC-MS spectra of ethylace-
tate extract of C. edulis and P. capensis confirmed presence
of various compounds with difference retention time
(Figure 9 and 10).

Similarly, GC-MS analysis showed presence of 23 phyto-
chemicals in the DCM extract of C. edulis including terpenoids.
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Figure 7. LC-MS chromatogram of aqueous extract of C. edulis.

Analysis of terpenoids showed that sesquiterpenoids, a-copaene
and caryophyllene had similar concentrations (0.1 pg/mg) as tab-
ulated in Table 5. Squalene (9.9 pg/mg) had the highest concen-
tration among triterpenoids, followed by pf-Amyrin (7.0 pg/mg),
a-amyrin (0.9 ug/mg) and betulin (0.6 pg/mg). Taraxasterol was
the most abundant sterol (12.7 pg/mg), whereas stigmasterol
was the least abundant sterol in the DCM extract of C. edulis
(1.0 pg/mg). Results also indicated presence of various
Vitamin E forms with varying concentrations, including
a-tocopherol (9.6 pg/mg), P-tocopherol (0.7 pg/mg) and
y-tocopherol (0.4 pg/mg).

As shown in Table 5, the DCM extract of P. capensis was
shown to contain various phytocompounds. Campor, a-copaene
and phytol were the only monoterpeniod, sesquiterpenoid and
diterpenoids compounds present in the extract, respectively.
a-Amyrin was the most abundant (5.09 pg/mg) triterpenoid
whereas betulin was the least abundant (0.42 pg/mg).
Ergosta-5, 22-dien-3-ol was the most abundant phytosterol,
whereas p-sitosterol was the least abundant sterol in dichloro-
methane extract of P. capensis (0.21 pg/mg). d-Tocopherol
and a-Tocopherol were present in the extract albeit in varying
concentration. Palmitic acid showed the highest abundance
(42.9 pg/mg) among the fatty acids, whereas tridecanoic had
the least abundance (0.42 pg/mg). Various phenolic compounds
were also reported in dichloromethane extract of P. capensis with

varying concentrations including Vanillin (2.56 pg/mg), a methoxy
phenol, homovanillyl alcohol (1.13 ug/mg), 2,6-dimethoxy
Phenol (0.28 pg/mg) and 3-(1-methylethyl)-phenol (0.28 pg/mg)
(Table 3). GC-MS spectra of dichloromethane extract of
C. edulis and P. capensis confirmed presence of various com-
pounds with difference retention times (Figure 11 and 12).

Discussion

Cancer remains a global health problem and the current thera-
peutic approaches despite showing efficacy are not devoid of
intrinsic problems. Nevertheless, medicinal plants have
received attention as novel chemotherapeutic agents owing to
their biocompatibility, availability, minimal toxicity and afford-
ability.'® This drives the need to pursue medicinal plants as
potential candidates for antineoplastic drugs. The study revealed
the antiproliferative activities of C. edulis and P. capensis on
HCC 1395 and DU145 cancer cell lines by upregulating apopto-
tic genes.’

Findings showed that the extracts elicited a concentration-
dependent growth inhibitory effect. This could be taken to
suggest that there was an accumulation of biologically active
principles in the cells with increase in dosage levels, resulting
to an increase in efficacy. This is in tandem with Chu et al*?
study, whereby it was noted that efficacy of a drug is directly
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Figure 8. LC-MS chromatogram of aqueous extract of P. capensis.

affected by its intracellular concentration. Further, there could
be a possible correlation of receptor and intracellular signaliz-
ing with different pharmacological mechanism.*® In regard to
this, Burow et al®* showed that an increase in concentration
of glyceollins, isolated from soy, correlated with a greater sup-
pression of ER signaling resulting to a decrease in proliferation
of MCF-7 cells.

That effectiveness of plants extracts was dependent on
extract concentrations corroborates earlier studies of Bhagat
et al, Ghout et al and Mellado et al>>° Cell growth inhibition
activity of dichloromethane extracts of Ephedra chilensis
against breast and prostate cancer cell demonstrated a concentra-
tion dependent activity.*® Bhagat et al** also reported concentra-
tion dependent antiproliferative activities of Fucalpyptus
citriodora extracts against prostate and ovary cancer. Further,
Ghout er al*® reported that antiproliferative effects of organic
extracts of Euphorbia dendroides against rat brain tumor (C6)
and cervical (HeLa) cell lines increased with increasing extracts
concentration.

Findings of ICsy values of C. edulis and P. capensis
extracts demonstrated that the extracts were highly active
against HCC 1395 and DU 145 cell lines according to NCI cri-
terion. These findings indicated that a low concentration of
extracts was required to inhibit cell proliferation in cancer
cells by half. This corroborates previous findings of previous

studies.>’>° In any chemotherapeutic drug, selectivity is
highly desirable, whereby the drug targets cancer cell and dis-
plays insignificance toxicity towards normal cells.*® Notably,
this feature is one of the limitations of the current chemother-
apeutic agents.*' As observed in the current study, C. edulis
and P. capensis extracts demonstrated maximal cytotoxicity
towards the cancerous cells without significant effects on
normal cells.*? Previous studies have also reported high selec-
tivity indices of herbal extracts. For examples, leaves metha-
nol extracts of Sarcocephalus probeguinii demonstrated SI
ranging from 3.15-18.28 on HelLa, MCF-7, colorectal
cancer cell lines which was higher compared to that of refer-
ence drug.*’

To further investigate mechanism of action underlying anti-
proliferative activities of C. edulis and P. capensis, the study
evaluated modulation of expression levels of apoptotic related
genes by ethylacetate extracts of C. edulis and P. capensis.
Treatment of cancer cells with the extracts led to an upregula-
tion of wild type p53 gene. TP53 acts as a transcription regula-
tor of several targets genes involved in apoptosis, DNA repair,
cell proliferation and cell cycle regulation. Therefore, upregula-
tion of p53 could have led to an increase in the expression level
of p21 protein, a CDK inhibitor, leading to cell cycle arrest.
Further, the tumor suppressor gene could have targeted p53
upregulated modulated apoptosis (PUMA) which is localized
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Table 4. Phytochemical Profile of Ethylacetate Extracts of C. edulis and P. capensis.

Plant Molecular Retention Time Conc.
Extracts Class of compounds Compound Name Formula (min) (ug/mg)
EtoAC C. Monoterpenoids Menthol C,oH,00 16.85 0.2
edulis Limonene CioHie 7.36 0.1
Diterpenoids Phytol CyoH40 25.14 0.46
Triterpenoids B-Amyrin C30H500 40.61 9.14
Squalene C3oHs0 31.07 4.0
o-Amyrin C3oH500 39.33 1.5
|3-epi-Manool CyoH340 24.44 0.28
Phytosterols B —Sitosterol C30H4s0 38.74 3.23
Campesterol CyoH;500 36.81 0.68
Stigmasterol CyoH4s0 0.44 0.44
Fatty Acid and Hexadecanoic acid/palmitic acid Ci¢H3,0, 23.71 2.66
Derivatives Oleic acid C,sH340, 25.38 .15
Octadecanoic acid (stearic acid) CgH3¢0, 25.61 0.92
Benzenepropanoic acid, 3,5-bis CgH3¢0, 23.57 0.13
(I,1-dimethylethyl)-4-hydroxy-methyl ester
Tetradecanoic acid Ci4H,80, 21.82 0.07
Vitamin (Vitamin E) o-Tocopherol Cy9H500, 35.56 2.97
B-Tocopherol Cy5H500, 33.56 0.15
Phenolics Phenol,2,4-bis(I, 1 dimethylethyl) C,7H300Si 18.86 0.1
EtoAc P Monoterpenoids p-Cymene CioHi4 12.87 0.2
capensis Camphor CioH,cO 13.75 0.1
Sesquiterpenoids Copaene CisHy4 17.17 0.44
Diterpenoids Phytol CyoH40 22.45 0.6
Triterpenoid B-Amyrin C30H500 39.53 1.7
Betulin C30H5002 45.94 0.61
o-Amyrin C30Hs500 39.37 0.38
Vitamin (Vitamin E) B-Tocopherol Cy9H500, 33.54 0.27
o-Tocopherol Cy9H500, 35.02 0.80
vy —Tocopherol CyoH500, 34.89 0.25
Phytosterol Stigmasterol CyoH4s0 37.46 2.00
Stigmast-7-en-3-ol Cy9H500 38.73 1.96
Stigmast-4-en-3-one CyoH4s0O 41.90 0.42
Campesterol CyoH;500 36.80 0.40
Fatty Acid and their Hexadecanoic acid/palmitic acid C¢H3,0, 23.79 21.54
derivatives 6-Octadecanoic acid CgH3¢0, 25.42 I1.66
Octadecanoic acid/ stearic acid C,gH3¢0, 25.58 3.70
Tetradecanoic acid C4H,80, 21.64 1.50
Heptadecanoic C,7H340, 24.64 0.72
Oleic acid C|8H34OZ 24.26 0.70
Phenols Phenol,2,4-bis(1, | dimethylethyl) C,7H3,0Si 18.75 0.31
Phenol,2,5-bis(1, | dimethylethyl) C,7H3,0Si 18.80 1.10
Phenol,34,5-trimethoxy CoH,,0, 20.30 0.32
Homovanillyl alcohol CoH,,03 19.20 0.42

Key: EtoAC- Ethylacetate; min-Minute.

to mitochondria and signals apoptosis through the activation of
executioner caspases.*’

In addition, upon activation, p53 physically interacts with
pro-apoptotic proteins through its DNA-binding domain
leading to sequestration of BAX/BAK, and subsequent activa-
tion of caspases thereby, inducing intrinsic mitochondrial medi-
ated apoptosis.** Activation of p53 also promotes impairment
of AKT activation through induction of PTEN. The gene
encodes a phophatase that dephosphorylates P13 K, an activa-
tor of AKT pathway.** Therefore, in this study, an increase in
p53 could have resulted in growth inhibition of DU145 and

HCC 1395 cells by similar mechanisms upon treatment with
C. edulis and P. capensis extracts.

Moreover, C. edulis and P. capensis extracts could have tar-
geted pS3-MDM2 pathway, anatagonized MDM?2, resulting to
concurrent transcription activation of p53. As one of the down-
stream targets of AKT pathway, MDM2 promote cell growth
and proliferation. Upon AKT mediated activation, MDM2 local-
izes to the nucleus and forms a complex with p53 protein by
binding to N-terminal part of transactivation domain.*® Hence,
inhibiting p53 mediated transcription activities and enhancing its
degradation. Since cellular homeostasis and function of p53
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Figure 9. GC-MS chromatogram of ethylacetate extract of C. edulis.
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Figure 10. GC-MS chromatogram of ethylacetate extract of P. capensis.

protein are regulated by MDM2, overproduction of MDM?2, as
reported in many tumors, inhibits functions of p53.*” Therefore, tar-
geting interaction between AKT-MDM2-P53 pathway, in favor of
p53 protein, could lead to its activation and gain of function.*®
The observations are in agreement with other studies which
reported antiproliferative activities of plants extracts through

upregulation of p53. For instance, Pyracantha angustifolia
and Paullinia cupana extracts induced antiproliferative activi-
ties in breast and hepatocellular carcinoma cells by upregulating
p53 consequently inducing PUMA-mediated apoptosis.*?
Rahal and Simmen*® demonstrated that exposure of soy isofla-
vone to breast cancer cell line induced functional interaction
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Table 5. Phytochemical Profile of Dichloromethane Extracts of C. edulis and P. capensis.

Plant Molecular Retention Conc.
Extracts Class of compounds = Compound Name Formula Time (min) pg/mg
DCM C. Sesquiterpenoid Copaene CisHy4 17.17 0.1
edulis
Caryophyllene CisHyq 17.78 0.1
Diterpenoids Phytol CyoHa0 25.13 2.1
Triterpenoids Squalene C3oHso 31.08 9.9
B-Amyrin C30H500 39.57 7.0
o-Amyrin C30H500 39.35 0.9
Betulin C30H5002 45.97 0.6
Phytosterols Taraxasterol C3oH500 40.66 12.7
Stigmast-8(14)-en-3.beta.-ol C29H500 38.77 6.5
Campesterol Cy9H500 36.81 1.5
Stigmasterol Cy9H4s0 37.46 1.0
Vitamin (Vitamin E) o-Tocopherol CyoH500, 35.05 9.6
B-Tocopherol Cy9H500; 33.55 0.7
y —Tocopherol Cy9H500; 33.75 0.4
Fatty Acids and their Hexadecanoic acid/palmitic acid CieH3 10, 23.75 10.3
derivatives Benzenepropanoic acid, 3,5-bis C,gH3¢0, 23.57 8.8
(1,1-dimethylethyl)-4-hydroxy-methyl ester
Oleic acid C|8H3407_ 25.40 6.6
Octadecanoic acid (stearic acid) CgH360, 25.57 1.4
Methyl hexadenoate/methy| palmitate C,7H340, 23.23 0.7
Tetradecanoic acid C4H,50, 21.65 0.6
Heptadecanoic acid, phenylmethyl ester C9H350; 29.01 0.4
Phenol Phenol,2,4-bis(1, | dimethylethyl) C,7H300Si 18.33 1.3
Phenol,2,2"-methylenebis(6-(|, | -dimethylethyl)-4-methyl- Cy3H3,0; 27.83 0.5
DCMP. Monoterpenoids Bornanone/camphor CioHcO 13.77 0.10
capensis
Sesquiterpenoids A-copaene CisHas 17.16 0.25
Diterpenoids Phytol CyoHao 22.45 1.85
Triterpenoids A-Amyrin C3oH500 40.70 5.09
B-Amyrin C30H500 39.62 4.65
Squalene C3oHso 31.07 2.09
Betulin C30H5002 46.01 0.42
Stigmast-4-en-3-one CyoH4s0O 41.93 1.71
Stigmasterol Cy9H4g0O 37.54 1.31
Campesterol Cy9H500 36.84 0.39
B-Sitosterol C30H480 38.58 0.21
Vitamin (Vitamin E) 0-Tocopherol CyoH500, 33.55 1.65
o-Tocopherol Cy9H500; 35.05 1.22
Fatty Acid and Hexadecanoic acid C¢H3, 0, 2391 429
derivatives
6-Octadecenoic acid C,gH340, 25.01 31.97
Octadecanoic acid (stearic acid) CgH360; 25.64 6.16
Tetradecanoic acid Ci4H280, 21.68 3.96
Cis-10-Heptadecenoic C,7H3,0, 24.49 2.02
Tetracosanoic acid/lignoceric acid Cy4H40, 30.50 1.06
12-octadecenoic acid, methyl ester C9H360, 25.1 1.03
Pentadecanoic Ci5H300, 22.70 0.94
Phenol Vanilin CgHgO3 17.48 2.56
2,6-dimethoxy Phenol CgH,003 17.88 0.28
3-(1-methylethyl)-phenol CoH,,0 17.98 0.28
Homovanillyl alcohol CyH,03 19.20 1.13

Key: DCM-dichloromethane; min-Minute.

between p53 and PTEN, thereby inducing apoptosis. Similarly,
ethanol extract of Euryale inhibited the AKT pathway thereby;
activating intrinsic apoptosis by in lung cancer cells.* Further,

Vernonia amygdalina extracts inhibited viability in breast
cancer cells by upregulating p53 that subsequently caused
desphosphorylation of AKT at Thr308 residue.*
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Figure Il. GC-MS chromatogram of dichloromethane extract of C. edulis.
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Figure 12. GC-MS chromatogram of dichloromethane extract of P. capensis.

In this study, C. edulis and P. capensis extracts increased mitochondria outer membrane permeabilization which result
expression levels of BAX gene in the treated cancer cells. Bax in the efflux of cytochrome ¢ and other intermembrane proteins
is directly activated by p53 and increases apoptosis in cells.’  from mitochondria. Consequently, apoptosome is formed from
Upon activation, Bax forms a homodimer with BAK causing cytochrome ¢, dATP, APAF-1 and procaspase-9. Procaspase-9
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is then activated to caspase-9 within the apoptosome.’
Caspase-9 activates caspase-3 and —7, executioner caspases,
which eventually break down proteins resulting in apoptosis.>”
Therefore, in this study, cell inhibition of HCC 1395 and
DU145 cancer cell, could have been due to activation of BAX
by p53 therefore, contributing to progression of apoptosis.
Induction of apoptosis via p53-bax pathway has also been
reported by other studies.?*->*

The studied extracts upregulated expression levels of
HOXBI13 in the DU145 cells, suggesting a growth suppressive
function of HOXB13.%° Similar to the findings of the current
study, Liu e al’' noted that tretinoin induced growth arrest in
DU145 by upregulating expression levels HOXB13 proteins
by inhibiting the activity of DNA methyltransferases, an epige-
netic modification. Therefore, in this study, a similar mecha-
nism could be attributed to upregulation of HOXB13 genes in
DU145 cells.”!

Antiproliferative activities of C. edulis and P. capensis could
be attributed to effects of bioactive constituents detected by
LC-MS and GC-MS analyses. This study postulates that flavo-
noids including quercetin, lutelin and apigenin contributed to
the antiproiferative activities of C. edulis and P. capensis
extracts. These compounds have been demonstrated to be
promising antineoplastic compounds owing to their ability to
inhibit tumor-driving signaling pathways. In vitro experiments
have demonstrated that quercetin exhibits antitumor activities
by stimulating expression of pro-apoptotic genes including
p21 and BAX genes.”®

Additionally, antiproliferative activities of luteolin against
liver, breast, lung and prostate cancers have been documented.>’
luteolin exerts antineoplastic effects via various molecular mech-
anisms including targeting epigenetic targets such as DNA meth-
ylation and histone deacetylases enzymes. Further, apigenin
induce autophagy, apoptosis and suppress invasion in tumor
cells.®® Apigenin modulates P13 K/AKT, signaling pathway
associated with cell survival and proliferation.>

Presence of phenolics compound including catechin and epi-
chaten could be associated with antiproliferative activities of C.
edulis and P. capensis extracts. Catechin has been demonstrated
to possess anticancer activities through its upregulation effect of
the wild type TP53 gene.*® Similarly, epicatechin rich extracts
have been shown to increase levels of p53 protein resulting in
growth inhibition.®’ As an effective anticancer agent, rutin
exerts its activity by modulating p53 and bax genes activities
in various cancer cells.®*%

Further, terpenoids present in the extracts including phytol,
betulin, f and a- amyrin, squalene, camphor, copaene, betulin
and caryophelllene have been associated with antiproliferative
activities. The potential of phytol, a diterpene in modulating
anticancer activities has been demonstrated in MCF-7 and
PC-3 cell lines.** Phytol confers cell death by activating intrin-
sic mitochondria pathway.®> Similarly, betulin possess antitu-
mor activities through the activation of intrinsic mitochondrial
pathway in various cancer cells.’*%°

Previous researches have reported antitumor activities of tri-
terpenes, f and o- amyrin in pancreatic, breast, stomach and

ovarian cancers.®” Squalene has also been reported to elicit signif-
icant cell growth inhibition proliferation activity on cancer cells.*®
As an active principle of A. crassna, caryophellene has been
shown to induce caspase 3, an executioner in the caspase-
dependent apoptosis cascade in selected cancer cell lines.*

Presence of potent phytosterols including f-sitosterol, stig-
masterol, campesterol and lanosterol could have been
involved in the antiproliferative activities in C. edulis and
P. capensis extracts. -sitosterol exerts anticancer activities
against prostate, breast and ovarian cancer through interference
of several cell signaling pathways including P13 K pathways.”""!
Stigmasterol has been demonstrated to repress human ovarian,
breast carcinoma (PC-3) and prostate adenocarcinoma (DU145)
cells.**"? Stigmasterol stimulated action of pro-apoptotic pro-
teins including Bax and repressed Bcl-2, thus supporting apo-
ptosis.”? Scholtysek et al”* also reported that stigmasterol and
f sitosterol inhibited cell growth in DU145 cells by upregulating
expression levels of p53 thereby, triggering an increase in the
intracellular force generation. Studies on biological activities
of methanolic and aqueous extracts of Morinda lucida showed
that the main compound campesterol exhibited anticancer
activity.”*

Tocopherols were also revealed in the extracts of C.
edulis and P. capensis. Therapeutic effects of tocopherols
in tumor therapy has been thoroughly reviewed.”’
Tocopherols have been demonstrated to stimulate extermi-
nation of human prostate carcinoma cells (LNCaP and
DU-145) by upregulating of p27.”® Further, their effects
on caspase signaling pathways in prostate cancer in animal
model has been demonstrated.””

Fatty acids including oleic, palmitic, stearic, dodecanoic
and tetradecanoic acids reported in C. edulis and P. capensis
have been shown to confer apoptotic effects against breast
cancer.>® In vitro experiment provide proof that oleic acid
(omega-9 fatty acid) hinders proliferation in cancer cells
through the obstruction of p-AKT signaling pathways and sig-
nificantly upregulated p21 and p53 proteins in tongue carci-
noma.’ Palmitic acid targeted the DNA topoisomerase 1 as
one of the molecular target in induction of apoptosis in
cancer cells.”®

Lauric acid (dodecanoic acid) was also demonstrated to elicit
inhibitive effect on breast cancer cells by modulating p53
gene.”’ N-hexadecanoic acid isolated from Kigelia pinnata
was demonstrated to stimulate apoptosis in cancer cells by
interacting with DNA topoisomerase.®° Similarly, stearic acid,
a saturated fatty acid exerts significant inhibition of mammary
tumor development by inducing pro-apoptotic genes.®’

In this study, cytotoxicty of doxorubicin against Vero cell
lines was higher compared to C. edulis and P. capensis
extracts. Compelling studies have reported that due to lack
of specificity and selectivity, toxic effects of doxorubicin are
multidirectional with cardiotoxicity being the most common.
Other common sites for doxorubicin induced-apoptosis and
tissue damage is in brain, liver and kidneys.®* Therefore, find-
ings in this study serve as more evidence of adverse effects
against normal cells.
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Conclusion

The current study concludes that the extracts of C. edulis and P
capensis demonstrated potent antiproliferative effects with
desirable characteristics including selectivity and minimal tox-
icity against normal cell lines. It was established that one of the
possible mechanism of action was through the upregulation of
pro-apoptotic genes. The bioactivities of the plant extracts
could be attributed to presence of phytochemical compounds
which were detected, and have been previously reported to
possess anticancer activities. This study, therefore, provides a
scientific rationale of using C. edulis and P. capensis to
manage breast and prostate cancer in traditional medicine.
Nevertheless, there is a need for further purification and charac-
terization of phytochemicals associated with antiproliferative
activities in this study.

Acknowledgements

The Authors acknowledge the Director of Centre of Traditional
Medicine and Drug Research- Research (KEMRI) for allowing the
use of the centre laboratory to perform efficacy studies. The authors
also wish to acknowledge Reginah Mbugua and Jecinta Ndung'u
(KEMRI), Mr Ibrahim Waweru and Gitonga Mwaniki (Department
of Biochemistry, Microbiology and Biotechnology laboratories-
Kenyatta University) for their technical support.

Author Contributions

Carolyn Muruthi performed the experiments and drafted the manu-
script. Mathew Piero Ngugi, Steven Runo and Peter Mwitari coordi-
nated and supervised the study. All authors read, and approved the
final manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

The experimental protocols and procedures used in this study were
approved by the Scientific and Ethics Review Unit- KEMRI, Kenya.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Carolyn Wanjira Muruthi
Mathew Piero Ngugi

https:/orcid.org/0000-0001-9952-2789
https:/orcid.org/0000-0002-0226-9092

References

1. World Health Organization. Cancer. World Health Organization;
2021.

2. Sung H, Ferlay J, Siegel R, et al. Cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. Cancer J Clin. 2021;71:209-249.

3. Wambalaba W, Son B, Wambalaba E, et al. Prevalence and capac-
ity of cancer diagnostics and treatment: a demand and supply

10.

11.

12.

13.

14.

15.

16.

17.

18.

survey of health-care facilities in Kenya. Cancer Control: J
Moffitt Cancer Center. 2019;26:1-12.

. Omara T, Kiprop K, Ramkat C, Cherutoi J. Medicinal plants

used in traditional management of cancer in Uganda: a review
of ethnobotanical surveys, phytochemistry, and anticancer
studies.  Evidence-Based Complementary  Altern  Med.

2020;2020:1-26.

. Amin A, Karpowicz A, Carey E, et al. Evasion of anti-growth sig-

naling: a key step in tumorigenesis and potential target for treat-
ment and prophylaxis by natural compounds. Semin Cancer
Biol. 2015;35:55-77. doi:10.1016/j.semcancer.2015.02.005

. Ray D, Murphy KR, Gal S. The DNA binding and accumulation

of P53 from breast cancer cell lines and the link with serine 15
phosphorylation. Cancer Biol Ther. 2012;13(10):848-857.

. Jiang N, Dai Q, Su X, Fu J, Feng X, Peng J. Role of PI3 K/AKT

pathway in cancer: the freamework of malignant behavior. Mol
Biol Rep. 2020;47:4587-4629.

. Narayanankutty A. PI3K/ Akt/ mTOR pathway as a therapeutic

target for colorectal cancer: a review of preclinical and clinical evi-
dence. Curr Drug Targets. 2019;20(12):1217-1226. doi:10
.2174/1389450120666190618123846

. Ghoshal K, Motiwala T, Claus R, Yan P, Kutay H. HOXBI3, a

target of DNMT3B, is methylated at an upstream cpg island,
and functions as a tumor suppressor in primary colorectal
tumors. PLoS One. 2010;5(4):¢10338. doi:10.1371/journal.pone.
0010338

Feitelson M, Arzumanyan A, Kulathinal R, et al. Sustained prolif-
eration in cancer: mechanisms and novel therapeutic targets.
Semin Cancer Biol. 2015;35:S25-S54.

American Cancer Society. Cancer Facts and Figures 2014.
American Cancer Society; 2014.

Nguyen C, Mehaidli A, Baskaran K, et al. Dandelion root and lem-
ongrass extracts induce apoptosis, enhance chemotherapeutic effi-
cacy, and reduce tumour Xenograft growth /n Vivo in prostate
cancer.  Evidence-Based =~ Complementary — Altern — Med.
2019;2019:1-12. doi:10.1155/2019/2951428

Singh A, Settleman J. EMT, cancer stem cells and drug resistance:
an emerging axis of evil in the war on cancer. Oncogene.
2010;34:4741-4751. doi:10.1038/0nc.2010.215

Kaplan W. Background Paper 6.5 Cancer and Cancer Therapeutics.
Update on 2004 Background Paper, BP 6.5 Cancer, 2013; 32-65.
Nelson V, Sahoo N, Sahu M, et al. In Vitro anticancer activity of
Eclipta alba whole plant extract on colon cancer cell HCT-116.
BMC Complementary Med Ther. 2020;20:355.

Majumder M, Debnath S, Gajbhiye L, et al. Ricinus communis L.
Fruit extract inhibits migration/invasion, induces apoptosis in
breast cancer cells and arrests tumor progression In Vivo. Sci
Rep. 2019;9:1-14. doi:10.1038/s41598-019-50769-x

Anusmitha K, Aruna M, Job J, et al. Phytochemical analysis, anti-
oxidant, anti-inflammatory, anti-genotoxic, and anticancer activities
of different Ocimum plant extracts prepared by ultrasound-assisted
method. Physiol Mol Plant Pathol. 2022;11:101746.

Kim Y, Narayanankutty A, Kuttithodi A, et al. Azima tetracantha
leaf methanol extract inhibits gastric cancer cell proliferation
through induction of redox imbalance and cytochrome C release.
Appl. Sci. 2022;12:120. doi:10.3390/app12010120


https://orcid.org/0000-0001-9952-2789
https://orcid.org/0000-0001-9952-2789
https://orcid.org/0000-0002-0226-9092
https://orcid.org/0000-0002-0226-9092
http://dx.doi.org/10.1016/j.semcancer.2015.02.005
https://doi.org/10.2174/1389450120666190618123846
https://doi.org/10.2174/1389450120666190618123846
https://doi.org/10.1371/journal.pone.0010338
https://doi.org/10.1371/journal.pone.0010338
https://doi.org/10.1155/2019/2951428
http://dx.doi.org/10.1038/onc.2010.215
http://dx.doi.org/10.1038/s41598-019-50769-x
http://dx.doi.org/10.1038/s41598-019-50769-x
http://dx.doi.org/10.1038/s41598-019-50769-x
http://dx.doi.org/10.1038/s41598-019-50769-x
http://dx.doi.org/10.3390/app12010120

Journal of Evidence-Based Integrative Medicine

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ochwang’i D, Kimwele C, Oduma J, et al. Medicinal plants used
in treatment and management of cancer in Kakamega county,
Kenya. J. Ethnopharmacol. 2014;151:1040-1055.

Asare A, Afriyie D, Ngala A, et al. Antiproliferative activity of
aqueous leaf extract of Annona Muricata L. on the prostate,
BPH-1 cells, and some target genes. Integr Cancer Ther.
2015;14(1):65-74.

Gali-Muhtasib H, Hmadi R, Kareh M, et al. Cell death mecha-
nisms of plant-derived anticancer drugs: beyond apoptosis.
Apoptosis. 2015;20(12):1531-1562.

Chebii K, Muthee K, Kiemo K. The governance of traditional
medicine and herbal remedies in the selected local markets of
western Kenya. J Ethnobiol Ethnomed. 2020;16:39.

Tajuddeen N, Swart T, Hoppe H, van Heerden R. Antiplasmodial
and cytotoxic flavonoids from Pappea capensis (Eckl. and Zeyh.)
leaves. Molecules. 2021;15:56.

Fatima A, Singh P, Irchhaiya R, Agarwal P. Effects of leaves
Carissa spinarum Linn. on blood glucose and lipid prfile in
alloxan induced diabetic rats. Am J Phytomed Clin Ther.
2013;20(4):2321-2748.

Van Wyk B, Van Wyk P. How to identity trees in Southern Africa.
Struik; 2007.

Mng’omba S, du Toit E, Akinnifesi F, Venter H. Repeated expo-
sure of jacket plum (Pappea capensis) micro-cuttings to indole-3-
butyric acid (IBA) improved in vitro rooting capacity. S Afr J
Botany. 2007;73:230-235.

Kaunda J, Zhang Y. The genus Carissa: an ethnopharmacological,
phytochemical and pharmacological review. Nat Prod Bioprospect.
2017;7:181-199.

Pendota S, Aderogba M, Moyo M, et al. Antimicrobial, antioxi-
dant and cytotoxicity of isolated compounds from leaves of
Pappea capensis. S Afr J Bot. 2017;108:272-277.

Nemati F, Dehpouri A, Eslami B, et al. Cytotoxic properties of
some medicinal plant extracts from Mazandaran, Iran. fran Red
Crescent Med J. 2013;15(11):e8871. doi:10.5812/ircm;j.8871
Chappell H, Lehmann B, Terrian D, Abrams L, Steelman S,
McCubrey A. p53 expression controls prostate cancer sensitivity
to chemotherapy and the MDM2 inhibitor Nutlin-3. Cell Cycle.
2012;11(24):4579-4588. doi: 10.4161/cc.22852

Liu Z, Ren G, Shangguan C, et al. ATRA inhibits the proliferation
of DU145 prostate cancer cells through reducing the methylation
level of HOXB13 gene. PLoS ONE. 2012;7:¢40943.

Chu X, Korzekwa K, Elsby R, et al. Intracellular drug concentra-
tion and transporters: measurement, modeling, and implication for
the liver. Clin Pharmacol Ther. 2014;94(1):126-141.

Rodrigues R, de Carvalho J, de Oliveira Sousa I, et al.
Antiproliferative activity, isolation and identification of active
compound from Gaylussacia brasiliensis. Rev Bras Farmacogn.
2011;21(4):622-626.

Burow E, Boue M, Collins-Burow M, et al. Phytochemical gly-
ceollins, isolated from soy, mediate antihormonal effects
through estrogen receptor a and P. J Clin Endocrinol Metab.
2001;86:1750-1758.

Bhagat M, Sharma A, Saxena M. Antiproliferative effect of leaf
extracts of Eucalyptus citriodora against human cancer cells
In Vitro and In Vivo. Indian J Biochem Biophys. 2012:451-457.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Ghout A, Zellagui A, Gherraf N, et al. Antiproliferative and anti-
oxidant activities of two extracts of the plant species Euphorbia
dendroides L. Medicine (Baltimore). 2018;5:36.

Mellado M, Soto M, Madrid A, et al. In Vitro antioxidant and anti-
proliferative effect of the extracts of Ephedra chilensis K Presl
aerial parts. BMC Complement Altern Med. 2019;19(1):1-17.
Moyo B, Mukanganyama S. Antiproliferative activity of 7. wel-
witschii extract on jurkat T cells In Vitro. BioMed Res Int.
2015:1-10. doi:10.1155/2015/817624

Bouyahya A, Bakri Y, Et-Touys A, et al. In vitro antiproliferative
activity of selected medicinal plants from the North-West of
Morocco on several cancer cell lines. Eur J Integr Med.
2018;18:23-29.

Njoya E, Munvera M, Mkounga P, Nkengfack E, McGaw J.
Phytochemical analysis with free radical scavenging, nitric oxide inhi-
bition and antiproliferative activity of Sarcocephalus pobeguinii
extracts. BMC Complement Altern Med. 2017;17(1):1-9.

Khazaei S, Abdul Hamid R, Ramachandran V, et al. Cytotoxicity
and proapoptotic effects of Allium atroviolaceum flower extract
by modulating cell cycle arrest and caspase-dependent and
p53 -independent pathway in breast cancer cell lines. Evidence-
Based Complementary Altern Med. 2017:1-8. doi:10.1155/2017/
1468957

Ogbole O, Segun P, Adeniji A. In Vitro cytotoxic activity of
medicinal plants from Nigeria ethnomedicine on rhabdomyosar-
coma cancer cell line and HPLC analysis of active extracts.
BMC Complement Altern Med. 2017;17:494.

Kaigongi M, Lukhoba C, Yaouba S, et al. I vitro antimicobial and
antiproliferative activities of the root bark extract and isolated
chemical constituents of Zanthoxylum paracanthum kokwaro
(Rutaceae). Plants. 2020;9(7):1-15.

Kaushik H, Yang S, Jeong S, et al. Antiproliferative activity of
Pyracantha and Paullinia plant extracts on aggressive breast and
hepatocelluler carcinoma cells. Appl Sci. 2020:1-16.

Pfeffer M, Singh K. Apoptosis: a target for anticancer therapy. Int
J Mol Sci. 2018;19:1-10. doi:10.3390/ijms19020448

Haupt S, Berger M, Goldberg Z, Haupt Y. Apoptosis - the p53
network. J Cell Sci. 2003;116:4077-4085.

Klein C, Vassilev L. Targeting the p5S3-MDM2 interaction to treat
cancer. Br J Cancer. 2004;91(8):1415-1419.

Qin J, Li X, Hunt C, et al. Natural products targeting the
p53-MDM2 pathway and mutant p53: recent advances and impli-
cations in cancer medicine. Genes Dis. 2018:5(3):204-219.
Rahal O, Simmes R. PTEN and p53 cross-regulation induced by
soy isoflavone genistein promotes mammary epithelial cell cycle
arrest and lobuloalveolar differentiation. Carcinogenesis. 2010:
1491-1500. doi:10.1093/carcin/bgq123

Nam H, Jo J, Park S, et al. In vitro and In Vivo induction of
p53-dependent apoptosis by extract of Euryale ferox Salisb in
A549 human Caucasian lung carcinoma cancer cells is mediated
through akt signaling pathway. Front Oncol. 2019;9:1-13.
doi:10.3389/fonc.2019.00406

Wong F, Woo C, Hsu A, Tan B. The anti-cancer activities of ver-
nonoa amygdalina extract in human breast cancer cell lines are
mediated through caspase-dependent and p53-independent path-
ways. PLOS ONE. 2013;8(10):¢78021.


http://dx.doi.org/10.5812/ircmj.8871
https://doi.org/10.4161/cc.22852
http://dx.doi.org/10.1155/2015/817624
http://dx.doi.org/10.1155/2017/1468957
http://dx.doi.org/10.1155/2017/1468957
http://dx.doi.org/10.3390/ijms19020448
http://dx.doi.org/10.1093/carcin/bgq123
http://dx.doi.org/10.3389/fonc.2019.00406

Muruthi et al

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Behbahani M. Evaluation of in vitro anticancer activity of Ocimum
Basilicum, Alhagi Maurorum, Calendula officinalis and their para-
site Cuscuta campestris. PLOS ONE. 2014;9(12):e116049.

Aubrey J, Kelly L, Janic A, Herold J, Strasser A. How does p53
induce apoptosis and how does this relate to p53-mediated
tumour suppression? Cell Death Differ. 2018;25:104-113.
Kowalczyk T, Sitarek P, Skata E, et al. Induction of apoptosis by in
vitro and in vivo plant extracts derived from Menyanthes trifoliata
L. in human cancer cells. Cyfotechnology. 2019;71:165-180.

Motadi R, Choene M, Mthembu N. Anticancer properties of
Tulbaghia violacea regulate the expression of p53-dependent
mechanisms in cancer cell lines. Sci Rep. 2020;10:2924.
Brechka H, Bhanvadia R, VanOpstall C, Vander J. HOXB13
mutations and binding partners in prostate development and
cancer: function, clinical significance, and future directions.
Genes and Diseases. 2017;4:75-87.

Gibellini L, Pinti M, Nasi M. Quercetin and cancer chemoprevention.
Evid Based Compement Alternat Med. 2011;2011:591356.

Ganai A, Sheikh A, Baba Z, et al. Anticancer activity of the plant
flavonoid luteolin against preclinical models of various cancers
and insights on different signalling mechanisms modulated.
Phytother Res. 2021;2011:1-10.

Ashrafizadeh M, Bakhoda R, Bahmanpour Z, et al. Apigenin as
tumor suppressor in cancers: biotherapeutic activity, nanodelivery,
and mechanisms with emphasis on pancreatic cancer. Front Chem.
2020;2:829. doi:10.3389/fchem.2020.00829

Yan X, Qi M, Li P, et al. Apigenin in cancer therapy: anti-cancer
effects and mechanism of action. Cell Biosci. 2017;7(1):50.

Sun H, Yin M, Hao D, Shen Y. Anti-cancer activity of catechin
against A549 lung carcinoma cells by induction of cyclin kinase
inhibitor p21 and suppression of cyclin E1 and P-AKT. Appl!
Sci. 2020;10(6):2065.

Yamauchi R, Sasaki K, Yoshinda K. Identification of epigallocatechin-3
gallate in green tea polyphenols as a potent inducer of pS3-dependent
apoptosis in the human lung cancer cell line A549. Toxicol In Vitro.
2009:834-839. doi:10.1016/j.tiv.2009.04.011

Caparica R, Jalio A, Aratjo M, et al. Anticancer activity of rutin
and its combination with ionic liquids on renal cells.
Biomolecules. 2020;10:121-128. doi:10.3390/biom10020233
Nouri S, Fakhri S, Nouri A. Targeting multiple signaling pathways
in cancer: the rutin therapeutic approach. Cancers (Basel).
2010;12:2276. doi:10.3390/cancers12082276

Pejin B, Kojic V, Bogdanovic G. An insight into the cytotoxic
activity of phytol at in vitro conditions. Nat Prod Res.
2014;28:2053-2056.

Song Y, Cho S. Phytol induces apoptosis and ROS-mediated pro-
tective autophagy in human gastric adenocarcinoma AGS cells.
Biochem Anal Biochem. 2015;4:156-166.

Mullauer B, Kessler H, Medema P. Betulin is a potent anti-tumor
agent that is enhanced-by cholesterol. PLoS ONE. 2009;4:
234-242. doi:10.1371/journal.pone.0005361

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Dinku W, Isaksson J, Rylandsholm F, et al. Anti-proliferative
activity of a novel tricyclic triterpenoid acid from Commiphora
africana resin against four human cancer cell lines. Appl Biol
Chem. 2020;63(1):16.

Lozano-Grande M, Gorinstein S, Espitia-Rangel E, et al. Plant
sources, extraction methods, and uses of squalene. Int J Agron.
2018;9(8):1-13. doi:10.1155/2018/1829160

Dahham S, Tabana Y, Igbal M, et al. The anticancer, antioxidant
and antimicrobial properties of the sesquiterpene p-caryophyllene
from the essential oil of Aquilaria crassna. Molecules. 2015;
20(7):11808-11829.

Bin Sayeed M, Ameen S. Beta-sitosterol: a promising but orphan nutra-
ceutical to fight against cancer. Nutr Cancer. 2015;67:1216-1222.
Hasibuan Z, Sitorus P, Satria D. Anticancer activity of B-sitosterol
from Plectranthus amboinicus (Lour. Spreng.) leaves: in Vitro and
in silico studies. Asian J Pharm Clin Res. 2017;10:306-308.
doi:10.22159/ajper.2017.v10i5.16931

Bae H, Song G, Lim W. Stigmasterol causes ovarian cancer cell
apoptosis by inducing endoplasmic reticulum and mitochondrial
dysfunction. Pharmaceutics. 2020;12(6):22-129. do0i:10.3390/
pharmaceutics12060488

Scholtysek C, Krukiewicz A, Alonso L, et al. Characterizing com-
ponents of the saw palmetto berry extract (SPBE) on prostate
cancer cell growth and traction. Biochem Biophys Res Commun.
2009;379(3):795-798.

Ohiagu F, Chikezie C, Chikezie M, Enyoh C. Anticancer activity
of Nigerian medicinal plants: a review. Future J Pharm Sci.
2021;7:1-21. doi:10.1186/s43094-021-00222-6

Algahtani S, Kaddoumi A. Vitamin E transporters in cancer
therapy. AAPS J. 2015;17(2):313-322.

Gysin R, Azzi A, Visarius T. Gamma-tocopherol inhibits
human cancer cell cycle progression and cell proliferation
by down-regulation of cyclins. FASEB J. 2002;16(14):
1952-1954.

Takahashi S, Takeshita K, Seeni A, et al. Suppression of prostate
cancer in a transgenic rat model via tocopherol activation of
caspase signaling. Prostate. 2009;69(6):644-651.

Harada H, Yamashita U, Kurihara H, et al. Antitumor activity of
palmitic acid found as a selective cytotoxic substance in a
marine red alga. Anticancer Res. 2002:2587-2590.
Lappano R, Sebastiani A, Cirillo F, et al. The
acid-activated signaling prompts apoptosis in cancer cells. Cell
Death Discov. 2017;3:1-9. doi:10.1038/cddiscovery.2017.63

Ravi L, Krishnan K. Cytotoxic potential of N-hexadecanoic acid
extracted from Kigeli pinnata leaves. Asian J Cell Biol.
2016;12:20-27.

Evans M, Cowey L, Siegal P, Hardy W. Stearate preferentially

lauric

induces apoptosis in human breast cancer cells. Nutr Cancer.
2009;61(5):746-753.

Patel G, Kaufmann H. How does doxorubicin work? ELife.
2012(1):387.


http://dx.doi.org/10.3389/fchem.2020.00829
http://dx.doi.org/10.1016/j.tiv.2009.04.011
http://dx.doi.org/10.3390/biom10020233
http://dx.doi.org/10.3390/cancers12082276
http://dx.doi.org/10.1371/journal.pone.0005361
https://doi.org/10.1155/2018/1829160
http://dx.doi.org/10.22159/ajpcr.2017.v10i5.16931
http://dx.doi.org/10.3390/pharmaceutics12060488
http://dx.doi.org/10.3390/pharmaceutics12060488
http://dx.doi.org/10.1186/s43094-021-00222-6
http://dx.doi.org/10.1186/s43094-021-00222-6
http://dx.doi.org/10.1186/s43094-021-00222-6
http://dx.doi.org/10.1186/s43094-021-00222-6
http://dx.doi.org/10.1038/cddiscovery.2017.63

	 Introduction
	 Materials and Methods
	 Collection and Preparation of Plant Extracts
	 Cell Culture and Treatment
	 Cell Viability Assay
	 RNA Extraction and Quantitative RT-PCR
	 Quantitative Phytochemical Analyses
	 Liquid Chromatography-Mass Spectrometry Analysis
	 Gas Chromatography-Mass Spectrometry Analysis
	 Determination of Phytocompounds Concentration

	 Statistical Analysis

	 Results
	 Antiproliferative Effects of C. edulis and P. capensis Extracts
	 Selectivity index
	 Gene Expression Analysis
	 Phytochemical Analysis

	 Discussion
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


