725 Egypt. J. Chem. Vol. 64, No. 12 pp. 7603 - 7610 (2021)

& Egyptian Journal of Chemistry

http://eichem.journals.ekb.eq/

Apoptotic mechanism of lantadene A from Lantana camara leaves

against prostatic cancer cells
CrossMark

Dawood Ali Salim Dawood,®° Lee Suan Chua,*?" Tian Swee Tan,2 Ahmed F. Alshemary®

2 School of Biomedical Engineering and Health Science, Faculty of Engineering, Universiti Teknologi Malaysia,
81310 UTM Skudai, Johor Bahru, Johor, Malaysia.
bBranch of Forensic Medicine and pathology, College of Medicine, University of Wasit, Wasit, Iraq
¢ Department of Bioprocess and Polymer Engineering, School of Chemical and Energy Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor Bahru, Johor, Malaysia.
dnstitute of Bioproduct Development, Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor Bahru, Johor,
Malaysia.
¢ Biotechnology Research Center, Al-Nahrain University, Baghdad, Iraq.

Abstract

Lantadene A (LA) which is one of the major pentacyclic triterpenoids in Lantana camara leaves was reported to exhibit anti-
cancer property. However, the detail mechanism of LA inhibition against prostate cancer cells is still remained unknown. Hence,
this study aimed to extract LA which was then used to treat LNCaP cells for the prediction of its apoptotic mechanism. A serial
of separation techniques including maceration, solvent partition, crystallization and column chromatography was applied to
recover LA. Approximately, 0.45%w/w LA was obtained from the plant leaves with 87.16% purity. The results found that the
viability of LNCaP cells decreased with the increase of LA concentration with the IC50 of 208.4 pg/mL. High content screening
showed the nucleuses of intact cells were started to collapse at the LA concentration more than 12.5 pg/mL, whereas the
breakage of the mitochondrial membrane was observed together with the release cytochrome C into cytosols. The activities of
caspases -3/7 and -9 were found to increase in a dose dependent manner. Cell cycle arrest was happened during the (G0/G1)
phase at the concentration of LA more than 50 pg/mL. As a conclusion, LA was effective to inhibit the growth of LNCaP cells
without any cytotoxic effects to RWPE-1 cells. The inhibitory action of LA followed the intrinsic pathway of mitochondria
dependent mechanism.
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announced that prostate cancer representing 19% of all
other diagnosed cancer cases with about 26,730 of
1. Introduction death in USA [1]. Although chemotherapy offers
significant survival advantages in the treatment of
prostate cancer, it is often related to the toxicity of
normal tissues [2]. Hence, scientists and researchers

Prostate cancer is considered to be the second
malignant tumor leading to mortality in males. The
number of incidences is elevated with ages, especially
over 60 years old males. The American Cancer Society
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continue to find alternative analogous which is lesser
side effects, but more effective on cancer treatment.
The use of natural products for medication has been
practicing since ancient times. The early use of plants
as ethnomedicine can be traced back at least 60,000
years ago [3, 4]. Lantana camara is one of the
traditional medicinal plants belonging to Verbenaceae
family. It is also known as red sage, Spanish flag and
Surinam tea plant and usually grown in tropical,
subtropical and temperate areas [5]. L. camara has
different flower colors like white, pink, red, violet and
yellow. Its branches and stems are sometimes armed
with twinge [6]. The leaves are broadly ovate,
opposite, and have strong odor as shown in Fig. 1 [7].

Fig. 1. Plants of Lantana camara

Recent studies reported that the plant contained
many phytochemicals with a wide range of
pharmacological activities. The pharmacological
properties included termiticidal [8], larvicidal [9],
anti-bacterial [5], antioxidant [10], anti-inflammatory
[6], anti-motility [11], anti-pyretic [12], anti-
ulcerogenic [7], anti-hyperglycaemic [13], anti-
mutagenic [14], and anti-cancer [15, 16]. Lantadene A
(LA) which is a pentacyclic triterpenoid is the major
phytochemical in the leaves of L. camara [17, 18]. The
chemical structure of LA or 22B-angeloyloxy-3-
oxoolean-12-en-28-oic acid is presented in Fig. 2. The
phytochemical and its congeners were reported to
exhibit anti-proliferation against different cancer cell
lines [19-22], and possibly chemopreventive activity
against carcinogenesis [23]. Specifically, LA was
found to have antioxidant [24], hepatoprotective [25]
and anti-inflammatory [26] properties. Sharma et al.
[20] reported that the functional group of angeloyl,
especially the electrophilic «,B-unsaturated C=0
component in LA was the key player to inhibit
different cancerous cell lines such as HL-60, HeLa,
Colon 502713, and Lung A-549. They also mentioned
methylation of carboxylic group may increase
lipophilicity for better bioavailability in anticancer
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activities. Previous studies also highlighted the
importance of betulinic acid, oleanolic acid and ursolic
acid in inhibiting HelLa cells [27]. Those compounds
are also triterpenoids having carboxylic acids as one of
the functional groups in the basic pentacyclic
structure.

Fig. 2. Chemical structure of lantadene A (LA)

In the present study, LA was extracted and purified
from the leaves of L. camara using a serial of
separation processes from maceration, solvent
partition, crystallization and consequently clean-up in
column chromatography. The cytotoxicity of LA was
evaluated in a dose dependent manner against the
growth of prostate cancer cells (LNCaP) and prostate
normal cells (RWPE-1). The plausible apoptotic
pathway of LA in inhibiting LNCaP cells was
examined based on the change of cell morphology in
terms of nuclear intensity, cell membrane permeability
and mitochondrial membrane potential, and caspases
activities, as well as cell cycle arrest. The inhibitory
action of LA against LNCaP cells is important to
understand the programmed cell death for better drug
design.

2. Materials and Methods

2.1 Chemicals and cell lines

Methanol, acetonitrile, acetic acid and chloroform
were purchased from (Merck, Darmstadt, Germany).
Dimethyl sulfoxide (DMSO), penicillin, streptomycin,
fetal bovine serum (FBS) and 3-(4,5-Dimethylthiazol-
2-y)-2,5-diphenyltetrazolium bromide (MTT) were
purchased from Sigma-Aldrich (Saint Louis, MO,
USA). Propidium iodide (PI) and RNase were
obtained from BD Biosciences (San Jose, CA. USA).
The cell lines of lymph node carcinoma from human
prostate cancer (LNCaP), and human normal prostate
epithelial cells (RWPE-1) were obtained from the
American Type Culture Collection (ATCC)
(Manassas, Virginia, USA). The former cell line was
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maintained in Roswell Park Memorial Institute
Medium (RPMI 1640), where the latter was kept in
keratinocyte.

2.2 Plant Material

The fresh leaves of L. camara were harvested from
the Baghdad University Garden (Baghdad, Iraq). The
plant was identified and authenticated by Dr. Zainab
Abid Aun from the Department of Biology in the
College of Sciences for Women (Baghdad University,
Iraq). The specimen (registration number 1169) has
been deposited in the National Herbarium of lIraq,
Ministry of Agriculture, Baghdad, Iraq.

2.3 Extraction and purification of lantadene A

The collected leaves were dried and then ground
into powder. The leaf powder (100 g) was mixed with
500 mL methanol and macerated for 24 hours with
intermittent shaking. The extract was filtrated using
muslin cloth and decolorized with 20 g activated
charcoal to obtain yellowish solution. The methanol
solution was concentrated by evaporation and
reconstituted in a methanol-water (1:7) mixture (15
mL). The solution was extracted with chloroform (2 x
15 mL) by vigorous shaking in a separating funnel.
The organic layer was collected and dehydrated by
anhydrous sodium sulphate. The organic layer was
then concentrated by a rotary evaporator. The
concentrated residue was added with methanol (100
mL) and left to crystallize as white crystal (1.06 g).
The white crystal was reconstituted in methanol and
chromatographed through a silica gel packed column
(30 g, 60-120 mesh) using the solvent system of
chloroform—methanol (99.5:0.5). The eluted solution
was concentrated in vacuo again and recrystallized in
methanol to form pure lantadene A (0.45 g). The white
crystal was dissolved in methanol and analyzed using
HPLC (Shimadzu LC-2010A HT, Kyoto, Japan) at
240 nm. The separation was carried out using a
Phenomenex C18 column (4 um, 150x4.6 mm) at the
isocratic gradient of mobile phase consisted of
methanol:  acetonitrile:  water:  acetic  acid
(68:20:12:0.1). The flow rate was 1.2 mL/min and
injection volume was 20 pL.

2.4 Cell Line Culture

LNCaP cells were cultured in RPMI 1640
supplemented with 10% FBS, 100 U/mL penicillin
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and 100 pg/mL streptomycin. RWPE-1 cells were
grown in K-SFM supplemented with recombinant
epidermal growth factor and bovine pituitary extract.
All cells were incubated in 5% CO2 at 37° C for 3-5
days until reached 80-90 % confluency.

2.5 Cell viability assay

MTT assay was carried out to determine the cell
viability of LNCaP and RWPE-1 after treated with
different concentrations of LA ranged from 6.25 to
400 pg/mL according to the procedures described by
Sharma et al. [19] with modification. DMSO was used
as negative control. Briefly, 1x10° cells/well were
seeded in a 96-well plate and incubated overnight at
37°C in 5% CO; to obtain 80-90 % confluency. The
cells were then treated with LA and further incubated
for 24 hours. A 50 uL of MTT was added to the treated
cells to achieve the final concentration of 0.25 mg/mL
and incubated for another 2 hours. After incubation,
the formazan crystals were dissolved by DMSO. The
viability of cells was determined at 570 nm using an
ELISA microplate reader (Bio-Rad, Hercules,
California, USA). The results are expressed in growth
inhibition as calculated using Equation (1).

0D treated sample

Growth inhibition (%) = 0D control (DMSO)

x 100 (1)

The 1C50 is defined as the required concentration of
LA to inhibit 50 % cell viability. The experiment was
carried out in triplicate.

2.6 High content screening

Cellomics multiparameter cytotoxicity 3 kit
(Thermo Scientific™, Pittsburgh, PA, USA) was used
to evaluate cell nuclear intensity, cell membrane
permeability, mitochondrial membrane potential
(MMP) and cytochrome C release after treated with
LA [28]. After 24 hours of treatment, cell permeability
dye and MMP dye were added to the cells (1x10*
cells/well) and incubated for 30 min at 37 °C.
Blocking buffer (1x) was used in the fixation and
permeabilization of cells. Cells were probed with
primary cytochrome C antibody and secondary
DyLight 649 conjugated with goat anti-mouse
immunoglobulin G for 1 hour each. The staining
solution was supplemented with Hoechst 33342 to
stain the nucleus of cells. The analysis was performed
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using the ArrayScan high content screening system
(Cellomics, PA, USA).

2.7 Measurement of caspase-3/7, -8 and -9 activities

The activities of caspase-3/7, -8 and -9 were
determined using Caspase-Glo-3/7, -8 and -9 kit
(Promega, Madison, WI, USA), according to the
manufacture's protocols. Cells (1x104 cells/well) were
seeded and treated with LA overnight. DMSO was
used as the negative control. The next day, 100 pL of
caspase-Glo reagent was added to the each well and
then incubated for 30 min. The activities of samples
were measured using a Tecan Infinite® 200 Pro
(Tecan, Mannedorf, Switzerland) microplate reader.
The experiment was repeated in triplicate.

2.8 Cell cycle arrest analysis

The cell cycle was evaluated using a flow
cytometer (BD Biosciences, New Jersey, USA)
according to the procedures described by Gao et al.
[29] modification. Approximately, 1x10° cells/well
were seeded and treated with LA for 24 hours. DMSO
was used as negative control. The treated cells were
then washed twice with PBS. The cells were fixed
using 70% cold ethanol. The cells were stained with PI
supplemented with RNase. The percentage of cells
were measured in (G0/G1, S and G2/M) phases.

2.9 Statistical Analysis

The results were expressed as mean + standard
deviation. ANOVA was performed to determine the
significance of results using GraphPad Prism 7 (La
Jolla, CA, USA). The statistical significance is defined
atp <0.05.

3. Results and discussion

3.1 Cytotoxicity of lantadene A

In the present study, the technique of maceration
could recover 1.06 %w/w of methanolic extract from
L. camara leaves. The extract was further purified and
cleaned using column chromatography to obtain
0.45%w/w LA. The presence of LA was detected
using high performance liquid chromatography and its
purity was found to be 87.16% (Fig. 3).
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Fig. 3. HPLC analysis. (a) standard LA, largest peak appéared at
retention time of (2.712). (b) purified LA, largest peak appeared at
retention time of (2.780)

The obtained LA was used to treat both LNCaP and
RWPE-1 cells in a dose dependent manner. The
viability of LNCaP and RWPE-1 cells was decreased
with the increase of LA concentration as illustrated in
Fig. 4. The decrease was more significant for LNCaP
cells than RWPE-1 cells after treated with LA. The
IC50 was found to be 208.4 pug/mL for LNCaP cells
and the value was about 4 times lower than that of
770.662 pg/mL for RWPE-1 cells. The difference
explains that the inhibitory action of LA was selective
enough against LNCaP cells, but non-cytotoxic to
healthy cells. Anyhow, the performance of LA to
inhibit the growth of LNCaP cells was approximately
five times lower than the performance of docetaxel
(IC50, 36.5 pg/mL) which is the standard drug of
prostate cancer. The concentration of LA more than
100 pg/mL was cytotoxic to LNCaP cells. However,
LA was non-cytotoxic to RWPE-1 cells because there
were still more than 70% viable cells even treated with
LA at the concentration up to 400 pg/mL.
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Fig. 4. Cell viability of lantadene A treated LNCaP () and RWPE-
1 (e) cells compared to the performance of positive control,
docetaxel (A) in MTT assay. The results are expressed as mean +
SD from triplicate data
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3.2 Collapse of LNCaP cells by lantadene A

The treatment of LA on LNCaP cells was analyzed
by high content screening approach. The change of
cell morphology explains the apoptotic pathway of
LA.

In particular, cell mitochondria play a crucial role
in intrinsic pathway of apoptosis for homeostasis [30].
Fig. 5a shows the occurrence of nuclear condensation
for treated LNCaP cells after dyed with Hoechst 33342
(blue). The nucleuses of intact cells were fragmented
at the concentration of LA starting from 12.5-400
pg/mL. The quantitative increment of nuclear
intensity can be seen from the bar charts in Fig. 5b.
The permeability of cell membrane was weakening as
the YoYo dye (green) started to penetrate into cells.
Hence, the intensity of green dye was getting obvious
at higher LA concentration (Fig. 5¢). On the other
hand, the red intensity of cell images was getting
reduced to explain the damage of mitochondria due to
the breakage of mitochondrial membrane (50 — 400
pug/mL) (Fig. 5d). The reduction of mitochondrial
membrane permeability was in line with the release of
cytochrome C into cytosols (Fig. 5e). The collapse of
mitochondrial membrane potential and the release of
cytochrome C was not observed in control cells.
Previous study also reported the collapse of
mitochondrial membrane in rat cells treatment with
LA [31].
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Fig. 5. (a). LNCaP cell morphological images treated with lantadene
A (LA) from high content screening, and comparison of (b) nuclear
intensity, (c) cell membrane permeability, (d) mitochondrial
membrane potential and (e) release of cytochrome C from LNCaP
cells treated with docetaxel (solid bar) and LA (line bar)

3.3 Activation of caspases for apoptosis

Caspases are activated to regulate apoptosis
through a programmed cell death. The activities of
executioner caspases 3/7 and initiator caspases 8 and
9 were analyzed after LNCaP cells were treated with
LA as presented in Fig. 6. The figure shows
exponential increment of caspases 3/7 and 9 in a dose
dependent manner, especially at the concentration of
LA higher than 50 pg/mL. There was only a slight
elevation of caspase 8 starting from 50 to 400 pg/mL
of LA. The disturbance of mitochondrial membrane
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permeability caused by LA could release cytochrome
C into cytosols. The phenomenon is considered to be
the inducer factor leading to the activation of
apoptosis. Cytochrome C would interact with WD40
domains of the apoptotic protease activating factor-1
(Apaf-1) in cytosols, and thus enabling the assembly
of apoptosome [24, 25]. This platform initiated the
activation cascade of caspase-9 and subsequently
caspase-3 for apoptotic execution, while effector
caspase-7 is required for apoptotic cell detachment.
Therefore, LA most likely induced the intrinsic
apoptosis through the damage of DNA and release of
pro-apoptotic proteins from mitochondria into
cytosols. Apoptosis was partly induced by death
receptors of FAS ligand which interacted with the FAS
receptor, and leading to the activation of caspase-8
through the extrinsic or death receptor-initiated
pathway [26]. The observation of this study revealed
that LA induced apoptosis of LNCaP cells mostly via
the intrinsic pathway.
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Fig. 6. Caspases -3/7 (blue), -8 (red) and -9 (green) activities of
LNCaP cells treated with different concentrations of docetaxel
(solid line) and lantadene A (dot line)

3.4 Lantadene A induced cell cycle arrest

Dysregulation of cell cycle was always associated
with cancer development. The determination of cell
cycle arrest is important in the development of
anticancer drug. Therefore, the role of LA in the
progression of LNCaP cell cycle was analyzed by flow
cytometer. The cellular progression of apoptosis
induced by LA was also compared to docetaxel. The
results suggested that LA induced cell cycle arrest
significantly in (GO/G1) phase at the concentration
higher than 50 pg/mL (Fig. 7a). In contrast, there is no
significant event of cell cycle arrest in synthesis (S)
and mitosis (G2/M) phases (Fig. 7b and 7c). The
results also indicated that the anti-proliferative action
of LA was opposite to the inhibitory action of positive
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drug, docetaxel on cellular events. Docetaxel showed
to exhibit cell cycle arrest in G2/M phase. LA was also
found to cause cell cycle arrest in (GO/G1) phase of
human leukemia (HL-60) cancer cells in previous
studies [19]. Probably, LA inhibits the activity of
growth-dependent cyclin-dependent kinase (CDK)
which involves in DNA replication and initiates G1 to
S phase transition [35].
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Fig. 7. LNCaP cell cycle arrest induced by docetaxel (orange bar)
and lantadene A (blue bar) in a dose dependent manner observed in
(a) GO/G1 phase, (b) synthesis phase and (c) G2/M phase. * p < 0.05,
** < 0.01 and *** p < 0.001

4. Conclusions

This study revealed that relatively pure LA
(87.16%) could be extracted and isolated from the
leaves of L. camara through a serial of separation
processes including maceration, solvent partition,
crystallization and column chromatography. LA was
selective against the growth of LNCaP cells, but non-
cytotoxic to RWPE-1 cells. The induction of
apoptosis by LA followed the intrinsic pathway of
mitochondria dependent mechanism. This was
supported by the significant activation of caspases -3/7
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and 9 in a dose dependent manner. Cell cycle arrest
was obviously happened in the GO/G1 phase.

Conflicts of interest

There are no conflicts to declare.

Acknowledgment

This work was funded by University Technology
Malaysia grant UTMHR (08G84).

References

1 Siegel, R.L., Miller, K.D., and Jemal, A. (2016).
Cancer statistics, 2016. CA: A Cancer Journal for
Clinicians 66(1), 7-30.

2 Sowery, R.D., So, A.l,, and Gleave, M.E. (2007).
Therapeutic options in advanced prostate cancer:
present and future. Current Urology Reports 8(1),
53-59.

3 Fabricant, D.S., and Farnsworth, N.R. (2001). The
value of plants used in traditional medicine for
drug  discovery.  Environmental  Health
Perspectives 109(suppl 1), 69-75.

4  Shi, Q. Li, L., Huo, C., Zhang, M., and Wang, Y.
(2010). Study on natural medicinal chemistry and
new drug development. Chinese Traditional and
Herbal Drugs 41(10), 1583-1589.

5 Ganjewala, D., Sam, S., and Khan, K.H. (2009).
Biochemical compositions and antibacterial
activities of Lantana camara plants with yellow,
lavender, red and white flowers. Eurasian Journal
of BioSciences 3(1), 69-77.

6 Ghisalberti, E.L. (2000). Lantana camara L.
(Verbenaceae). Fitoterapia 71(5): 467-486.

7  Thamotharan, G., Sekar, G., Ganesh, T., Sen, S.,
Chakraborty, R., and Kumar, S. (2010).
Antiulcerogenic effects of Lantana camara Linn.
leaves on in vivo test models in rats. Asian Journal
of Pharmaceutical and Clinical Research 3(3),
57-60.

8 Verma, RK, and Verma, S.K. (2006).
Phytochemical and termiticidal study of Lantana
camara var. aculeata leaves. Fitoterapia 77(6),
466-468.

9 Kumar, M.S,, and Maneemegalai, S. (2008).
Evaluation of larvicidal effect of Lantana camara

Egypt. J. Chem. 64, No. 12 (2021)

10

11

12

13

14

15

16

17

18

19

Linn against mosquito species Aedes aegypti and
Culex quinquefasciatus. Advances in Biological
Research 2(3-4), 39-43.

Mayee, R., and Thosar, A. (2011). Evaluation of
Lantana camara Linn.(Verbenaceae) for
antiurolithiatic and antioxidant activities in rats.
International Journal of Pharmaceutical and
Clinical Research 3(1), 10-14.

Sagar, L., Sehgal, R., and Ojha, S. (2005).
Evaluation of antimotility effect of Lantana
camara L. var. acuelata constituents on
neostigmine induced gastrointestinal transit in
mice. BMC Complementary and Alternative
Medicine 5(1), 18.

Forestieri, A., Monforte, M., Ragusa, S., Trovato,
A., and lauk, L. (1996). Antiinflammatory,
analgesic and antipyretic activity in rodents of
plant extracts used in African medicine.
Phytotherapy Research 10(2), 100-106.

Ganesh, T., Sen, S., Thilagam, E., Thamotharan,
G., Loganathan, T., and Chakraborty, R. (2010).
Pharmacognostic and anti-hyperglycemic
evaluation of Lantana camara (L.) var. aculeate
leaves in alloxan-induced hyperglycemic rats.
International ~ Journal of Research in
Pharmaceutical Sciences 1(3), 247-252.

Jacobus, D. (2003). Effects of Lantana camara
(Verbenaceae) on rat fertility. Veterinary and
Human Toxicology 45(1), 20-23.

Ghosh, S., Das Sarma, M., Patra, A., and Hazra,
B. (2010). Anti-inflammatory and anticancer
compounds isolated from Ventilago
madraspatana Gaertn., Rubia cordifolia Linn.
and Lantana camara Linn. Journal of Pharmacy
and Pharmacology 62(9), 1158-1166.

Kaur, J., Sharma, M., Sharma, P., and Bansal, M.
(2010). Antitumor activity of lantadenes in
DMBA/TPA induced skin Tumors in mice:
expression of transcription factors. American
Journal of Biomedical Sciences 2(1), 79-90.
Sharma, O.P., Singh, A., and Sharma, S. (2000).
Levels of lantadenes, bioactive pentacyclic
triterpenoids, in young and mature leaves of
Lantana camara var. aculeata. Fitoterapia 71(5),
487-491.

Sharma, M., and Sharma, P. (2006). Optimization
of lantadenes isolation and preparation of 223-
hydroxyoleanonic acid. Chemistry of Natural
Compounds 42(4), 442-444,

Sharma, M., Sharma, P., Bansal, M., and Singh, J.
(2007). Lantadene A-induced apoptosis in human



7610

Dawood A. S. Dawood et.al.

20

21

22

23

24

25

26

27

leukemia HL-60 cells.
Pharmacology 39(3), 140.
Sharma, M., Sharma, P.D., Bansal, M.P., and
Singh, J. (2007). Synthesis, cytotoxicity, and
antitumor activity of lantadene-A congeners.
Chemistry & Biodiversity 4(5), 932-939.
Sharma, M., Rakhi, A., Dalal, N., and Sharma, N.
(2011). Design, synthesis and evaluation of
lantadene A congener with hydroxyl functionality
in ring A as an antitumour agent. Natural Product
Research 25(4), 387-396.

Kumar, S.S., Tailor, N., Lee, H.B., and Sharma,
M. (2013). Reduced lantadenes A and B: semi-
synthetic  synthesis, selective cytotoxicity,
apoptosis induction and inhibition of NO, TNF-a
production in HL-60 cells. Medical Chemistry
Research 22(7), 3379-3388.

Kaur, J., Sharma, M., Sharma, P., and Bansal, M.
(2008). Chemopreventive activity of lantadenes
on two-stage carcinogenesis model in Swiss
albino mice: AP-1 (c-jun), NFkB (p65) and P53
expression by ELISA and immunohistochemical
localization. Molecular and Cellular
Biochemistry 314(1-2), 1.

Grace-Lynn, C., Darah, 1., Chen, Y., Latha, L. Y.,
Jothy, S. L., and Sasidharan, S. (2012). In vitro
antioxidant activity potential of lantadene A, a
pentacyclic triterpenoid of Lantana plants.
Molecules 17(9), 11185-11198.

Grace-Lynn, C., Chen, Y., Latha, L.Y., Kanwar,
JR., Jothy, S.L., Vijayarathna, S., and
Sasidharan, S. (2012). Evaluation of the
hepatoprotective effects of lantadene A, a
pentacyclic triterpenoid of Lantana plants against
acetaminophen-induced liver damage. Molecules
17(12), 13937-13947.

Sharad Kumar Suthar, Ajay Hooda, Ankesh
Sharma, Sumit Bansal, Jitender Monga, Monika
Chauhan & Manu Sharma (2020) Isolation
optimisation, synthesis, molecular docking and in
silico ADMET studies of lantadene a and its
derivatives. Natural Product Research, doi:
10.1080/14786419.2020.1752204

Srivastava, P., Kasoju, N., Bora, U., and
Chaturvedi, R. (2010). Accumulation of betulinic,
oleanolic, and ursolic acids in in vitro cell cultures
of Lantana camara L. and their significant
cytotoxic effects on HeLa cell lines.
Biotechnology and Bioprocess Engineering
15(6), 1038-1046.

Indian Journal of

Egypt. J. Chem. 64, No. 12 (2021)

28

29

30

31

32

33

34

35

Bhaskar, S., Mandavilli, M.Y., and Scott, C.
(2018). Cell-based high content analysis of cell
proliferation and apoptosis, in: Johnston, P.A.,
and Trask, O.J. (eds.), High Content Screening: A
Powerful Approach to Systems Cell Biology and
Phenotypic Drug Discovery, Methods in
Molecular Biology, second edition, vol. 1683, p.
47-57, Humana Press, New Jersey, United States.
Gao, Y., Yin, J., Rankin, G.O., and Chen, Y.C.
(2018). Kaempferol induces G2/M cell cycle
arrest via checkpoint kinase 2 and promotes
apoptosis via death receptors in human ovarian
carcinoma A2780/CP70 cells. Molecules 23(5),
1095.

Wang, C., and Youle, R.J. (2009). The role of
mitochondria in apoptosis*, Annual Review of
Genetics 43, 95-118.

Garcia, A.F., Medeiros, H.C., Maioli, M.A,,
Lima, M.C., Rocha, B.A., da Costa, F.B., Curti,
C., Groppo, M., and Mingatto, F.E. (2010).
Comparative effects of lantadene A and its
reduced metabolite on mitochondrial
bioenergetics. Toxicon 55(7), 1331-1337.

Li, L.Y. Luo, X. and Wang, X. (2001).
Endonuclease G is an apoptotic DNase when
released from mitochondria. Nature 412(6842),
95-99.

Riedl, S.J., Li, W., Chao, Y., Schwarzenbacher,
R., and Shi, Y. (2005). Structure of the apoptotic
protease-activating factor 1 bound to ADP.
Nature 434, 926-933.

Abd EI-Ghany, R.M., Sharaf, N.M., Kassem,
L.A., Mahran, L.G., and Heikal, O.A. (2009).
Thymoquinone triggers anti-apoptotic signaling
targeting death ligand and apoptotic regulators in
a model of hepatic ischemia reperfusion injury.
Drug Discoveries & Therapeutics 3(6), 296-306.
Bertoli, C., Skotheim, J.M., and de Bruin, R.A.
(2013). Control of cell cycle transcription during
G1 and S phases. Nature Reviews Molecular Cell
Biology 14(8), 518-528.



	Word Bookmarks
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4




