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Scrophularia orientalis extract induces calcium
signaling and apoptosis in neuroblastoma cells
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Abstract. Effective neuroblastoma (NB) treatments are still
limited despite treatment options available today. Therefore,
this study attempted to identify novel plant extracts that have
anticancer effects. Cytotoxicity and increased intracellular
calcium levels were determined using the Sulforhodamine B
(SRB) assay and Fluo4-AM (acetoxymethyl) staining and
fluorescence microscopy in NB cells in order to screen
a library of plant extracts. The current study examined
the anticancer effects of a dichloromethane extract from
Scrophularia orientalis L. (Scrophulariaceae), a plant that
has been used in Traditional Chinese Medicine. This extract
contained highly potent agents that significantly reduced cell
survival and increased calcium levels in NB cells. Further
analysis revealed that cell death induced by this extract was
associated with intracellular calcium release, opening of the
MPTP, caspase 3- and PARP-cleavage suggesting that this
extract induced aberrant calcium signaling that resulted in
apoptosis via the mitochondrial pathway. Therefore, agents
from Scrophularia orientalis may have the potential to lead
to new chemotherapeutic anticancer drugs. Furthermore,
targeting intracellular calcium signaling may be a novel
strategy to develop more effective treatments for NB.

Introduction

Neuroblastoma (NB) is an extra-cranial pediatric cancer.
Effective neuroblastoma treatments are still limited despite
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the advances in modern medicine, and we are in need of novel
chemotherapeutic strategies and more effective anticancer
agents (1-3). Many drugs used in cancer chemotherapy is plant-
derived or based on natural compounds (4-9). A recent study
screened a library of 500 plant extracts for anti-proliferative
and cytotoxic effects in neuroblastoma cell lines in order to
identify new active substances for chemotherapy. The current
study examines one extract from Scrophularia orientalis L.,
as it was shown to have potent anticancer effects in NB cells.

Members of the genus, Scrophularia, are herbaceous flow-
ering plants. There are 200 known species of Scrophularia.
Scrophularia species are used in Traditional Chinese Medicine
as a component in a formula used to treat arthritis (10-13).
It has anti-inflammatory effects and is also a potent anal-
gesic (14-17). Several species of Scrophularia have been found
to have anticancer properties (18,19), however, there are no
studies documenting the medicinal effects of Scrophularia
orientalis L.

In the current study, a Scrophularia orientalis dichloro-
methane extract was found to have anticancer effects in NB,
and was further examined to elucidate these effects. Calcium
is a second messenger that regulates many fundamental
physiological processes, including tumor progression and
apoptosis (20-24). Therefore, we used Fluo4-AM staining
and fluorescence microscopy while concurrently performing
Sulforhodamine B (SRB) staining on NB cells in order to
determine the effect of this extract on intracellular calcium
signaling and cell viability, respectively. The dichloromethane
extract of Scrophularia orientalis significantly increased
intracellular-free calcium levels and reduced NB cell viability.
The IC,, for the extract was ~5 pg/ml in NB cells with and
without MycN overexpression. The increase in intracellular-
free calcium appeared to be mediated by a calcium release
mechanism rather than calcium influx.

In addition, the mitochondrial transition pore assay and
western blot analysis revealed that cell death is associated with
opening of the mitochondrial permeability transition pore
(mPTP), and caspase-3 and PARP cleavage in NB cells. The
results from the current study suggest that the dichloromethane
extract derived from Scrophularia orientalis effectively kills
NB cells by inducing apoptosis via calcium release and conse-
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quently, the opening of mPTP. The present study indicates that
this extract be used as an alternative strategy for treating NB,
and may lead to the development of more effective anticancer
agents for NB.

Materials and methods

Cell culture. MYCN2 cells, a tetracycline inducible MycN
overexpression NB cell line was authenticated by the cell Line
Authentication testing Services at Genetica DNA Laboratories
(USA) using STR DNA typing to verify each cell line and verify
pure cells (no contamination). The cells were maintained in
RPMI-1640 (Mediatech, Inc., Manassas, VA, USA) containing
10% (v/v) heat-inactivated fetal bovine serum (FBS) (Atlanta
Biologicals, Lawrenceville, GA, USA), and grown at 37°C, 5%
CO,, in a 95% humidity.

Chemicals. General chemicals were from VWR (West
Chester, PA, USA). Doxorubicin and ionomycin were from
Calbiochem (Gibbstown, NJ, USA). The Library of extracts,
which included the Scrophularia orientalis extracts, was
obtained from Dr Robert Borris.

Preparation of Scrophularia extracts. Samples of
Scrophularia orientalis L. were collected in the Sevan Pass
between Dilijan and Tsovagyugh, Gegharkunik Province,
Armenia, in June 2006. Voucher specimens (Tamanyan
42-2006) have been deposited in the herbaria of the New
York Botanical Garden and the Armenian National Academy
of Sciences. Fresh samples were air dried and then milled to a
coarse powder. A 1 kg (dry weight) portion of each sample was
extracted with methanol (3x4 liters) and the solvent removed
in vacuo to afford viscous oil. The resulting oil was dispersed
in 1 liter of methanol:water (9:1) and extracted with n-hexane
(3x1 liters). The depleted hydroalcoholic phase was freed of
methanol, dispersed in distilled water (1 liter) and extracted
sequentially with dichloromethane (3x1 liter) and water-
saturated n-butanol (3x1 liters). The resulting solvent-soluble
fractions were individually evaporated to dryness in vacuo,
while the residual aqueous phase was freed of solvent and
then lyophilized. Extracts and fractions were maintained at
-20°C until needed for use.

Calcium assay. MYCN2 cells were washed and incubated
with 1 M Fluo-4 AM, the acetoxymethyl ester form of Fluo-4
(Molecular Probes, Eugene, OR, USA), for 30 min at 37°C in
a standard modified Ringer's solution of the following compo-
sition (in mM): NaCl 145, KCI 2.8, CsCl 10, CaCl, 2 (or 0),
MgCl, 2, glucose 10, Hepes-NaOH 10, pH 7.4, 330 mOsm. For
nominally calcium-free experiments 1 mM EGTA was added
to the external solution and calcium chloride was omitted.
Cells were transferred to 96-well plates at 10,000 cells/well
and stimulated as indicated. Epifluorescent measurements
were performed using an Operetta High Content Imaging
System (PerkinElmer, Santa Clara, CA, USA). Fluorescence
intensity was quantified using Harmony (PerkinElmer).

Fluorescence measurements. MYCN?2 cells were incubated in
a standard modified Ringer's solution of the following compo-
sition (in mM): NaCl 145, KCI 2.8, CsCl 10, CaCl, 2 (or 0),
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MgCl, 2, glucose 10, Hepes'NaOH 10, pH 7.4, 330 mOsm. For
nominally calcium-free experiments, | mM EGTA was added
to the external solution and calcium chloride was omitted.
Cells were loaded with fura-2 AM, the acetoxymethyl ester
form of fura-2 (Molecular Probes). Cells were perfused with
external solutions containing Scrophularia orientalis extract,
and cytosolic calcium was measured in individual cells using
a Zeiss microscope and monochromatic light source tuned to
excite fura-2 fluorescence at 360 and 390 nm for 20 msec each.
Emission was detected at 450-550 nm using a photomultiplier.

Sulforhodamine B assay. The SRB colorimetric assay was
used to determine cell proliferation following the protocol
previously described (8). Briefly, cells were seeded at a
density of 10,000 cells/well on a transparent, flat-bottom,
96-well plate and allowed to settle overnight. At the initiation
of each experiment (t=0), and after drug treatments, 100 ul
of 10% (w/v) TCA were added to each well, incubated for
1 h at 4°C, washed with deionized water, and dried at room
temperature. One hundred microliters of 0.057% (w/v) SRB
solution were added to each well, incubated for 30 min at
room temperature, rinsed four times with 1% (v/v) acetic
acid, and allowed to dry at room temperature. Finally, 200 ul
of 10 mM Tris base solution (pH 10.5) was added to each
well, and after shaking for 5 min at room temperature, the
absorbance was measured at 510 nm in a microplate reader.
The absorbance at t=0 was compared with the absorbance at
the end of the experiment to determine cell growth in treated
cells compared with control cells.

Mitochondrial permeability transition pore assay. Treated
and untreated NB cells were washed twice in modified Hanks'
Balanced Salt Solution (HBSS: sodium bicarbonate, calcium,
and magnesium that also included 10 mM HEPES, 2 mM
L-glutamine and 100 #M succinate), then labeled with 1.0 yM
calcein AM, 200 nM MitoTracker Red CMXRos, 1 uM
Hoechst 33342 dye and 1.0 uM CoCl,. Cells were incubated
for 15 min at 37°C, 5% CO,, in 95% humidity, then washed
in modified HBSS. Ionomycin (1 #M) was used as a posi-
tive control for calcium-mediated pore opening. Cells were
labelled with Calcein Am and MitoTracker Red. Epifluorescent
measurements were performed using an Operetta High Content
Imaging System (PerkinElmer). Fluorescence intensity was
quantified using Harmony software (PerkinElmer).

Western blot analysis. Cell lysates were prepared in radioim-
munoprecipitation assay buffer [20 mmol/l Tris-HCI (pH 7.5),
0.1% (w/v) sodium lauryl sulfate, 0.5% (w/v) sodium deoxy-
cholate, 135 mmol/l NaCl, 1% (v/v) Triton X-100, 10% (v/v)
glycerol, 2 mmol/l EDTA] supplemented with Complete
protease inhibitor cocktail (Roche Molecular Biochemicals)
and phosphatase inhibitors sodium fluoride (20 mmol/l) and
sodium vanadate (0.27 mmol/l). Western blot analysis was
performed as previously described (20). The total protein
concentration was determined using the protein assay dye
reagent from Bio-Rad Laboratories. Cell lysates in SDS-sample
buffer were boiled for 5 min and equal amounts of total protein
were analyzed by 10% SDS-PAGE and western blotting. The
antibodies used in this study are mouse monoclonal p53 (1:250)
from Santa Cruz Biotechnology; rabbit polyclonal cleaved
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Figure 1. Scrophularia orientalis extracts reduce neuroblastoma (NB) cell viability. Cell proliferation was assessed using Sulforhodamine B (SRB) assay in
96-well formats. MYCN?2 cells were grown with and without induction of MYCN overexpression for 96 h. Cells were treated with 500 nM doxorubicin and
8 ug/ml of extract 35D for 48 h. Growth inhibition was normalized to untreated cells (A). ICs, value was assessed using SRB assay treating cells with different
concentrations of extract. The ICy, value was established at 5 pzg/ml for both MYCN uninduced and overexpressed conditions (B).

caspase-3 (1:1,000), rabbit polyclonal cleaved PARP (1:1,000),
mouse monoclonal GAPDH (1:1,000), and mouse monoclonal
PCNA (1:1000) from Cell Signaling Technology. Proteins
were detected using the Odyssey Infrared Imaging System
(LI-COR Biosciences, Lincoln, NB, USA) and analyzed with
Licor Image Studio 2.0 acquisition and analysis software.

Statistical analysis. Results are shown as the mean + stan-
dard deviation. Statistical significance was determined based
on Student's t-test. Adjacent to data points in the respective
graphs, significant differences were recorded as follows:
single asterisk, P<0.05; double asterisk, P<0.01; triple asterisk,
P<0.001; no symbol, P>0.05. SRB and FLuo-4 experiments
are the number of at least 3, in triplicates. All other experi-
ments are reported as the mean of at least 3.

Results

Scrophularia orientalis extracts reduce NB cell viability.
The library of 500 plant extracts was screened for anticancer
effects. The results clearly show that the dichloromethane
extracts of Scrophularia orientalis significantly decreased
viability in NB cells, compared to untreated control cells. In
NB cells with non-amplified MYCN gene (NAM), extract at
a concentration of 8 pg/ml, reduced cell viability of NB cells
by 91.6%, compared to the viability of untreated control cells
(Fig. 1A). In NB cells with overexpression of MycN (MOE),
the extract reduced cell viability by 92.1% (Fig. 1A). The
cytotoxic effects were more potent than that of doxorubicin,
which reduced cell viability of NAM and MOE by 79.3%
and 84.7%, respectively (Fig. 1A). The ICs, of the extract was
determined, and the IC,, of MNA and MOE were 8.33 pg/ml
and 8.09 pug/ml, respectively (Fig. 1B). The data suggest that
the dichloromethane extract of Scrophularia orientalis has
potent anticancer effects and effectively decreases NB cell
viability.

Scrophularia orientalis extract increases intracellular
calcium in NB cells. Calcium is a second messenger that
plays a fundamental role in a plethora of cellular processes,

including cell proliferation and cell death. Therefore, in order
to determine the effect of the Scrophularia orientalis extract
on calcium, intracellular-free calcium was measured in control,
untreated NB cells and NB cells treated with Scrophularia
orientalis extract. Treated and untreated cells were loaded
with Fluo-4, and relative fluorescence was measured using an
Operetta High Content Imaging System. Fig. 2A shows that
there was a 20-fold increase in intracellular-free calcium when
NAM NB cells were exposed to extract for 24 h, compared
to untreated control. Intracellular-free calcium increased by
18-fold when MOE NB cells was exposed to extract, compared
to untreated control (Fig. 2A). These changes in intracellular-
free calcium was significantly greater than that of doxorubicin
which increased intracellular-free calcium by 2.8- and 3.1-fold
in NAM and MOE NB cells, respectively (Fig. 2A). Further
examination of the calcium inducing effects of the extract
showed that external application of extract to MOE NB cells
increased intracellular-free calcium steadily after a slight delay
of approximately 30-45 sec, whereas no signal was induced by
vehicle control (Fig. 2B). This suggests that the extract induces
rapid changes in intracellular calcium. Of note, the elevated
calcium levels appeared to be sustained, as indicated by a
time course analysis of calcium levels after treatment of NB
cells with the extract for 4 and 24 h (Fig. 2C). These results
clearly show that the Scrophularia dichloromethane extract
had significant and distinct effects on calcium signaling in NB
cells.

Scrophularia orientalis extracts induce calcium release from
intracellular stores and calcium influx. In order to decipher
the source of intracellular-free calcium time-lapse confocal
experiments were performed. Cells were labelled with Fluo-4
AM and ER-tracker. Confocal images of the 2 channels were
acquired every 1.5 sec. Standard extra cellular HBSS buffer
was used that contained ~1.3 mM-free calcium and ~800 M-
free magnesium. Baseline fluorescence was measured in
cells for 30 sec then cells were perfused with extracellular
solution containing Scrophularia extract through a glass
application pipette. Upon exposure with extract, intracellular
calcium levels started to rise within 40-60 sec and peaked at
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Figure 2. Scrophularia orientalis extracts increase intracellular calcium in neuroblastoma (NB) cells. MYCN?2 cells were grown with and without induction of
MYCN overexpression for 96 h. The last 24 h of the experiment cells were treated with 500 nM doxorubicin and 8 yg/ml of extract 35D. Global intracellular
calcium level intensity was measured using Fluo-4-am and Perkin Elmer Operetta and normalized per cell (A). For time resolved acquisition of calcium
signaling MYCN2 cells were loaded with Fura-2-am. Extract 35D at 8 yg/ml in ringer solution was applied at 40 sec into experiment indicated by black arrow
(B). Under same conditions cells were stained with Hoechst 33342 and Fluo-4 and calcium levels were measured after 4 and 24 h (C).
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Figure 3. Scrophularia orientalis extracts induce ER calcium store depletion. MYCN2 cells were loaded with fluo-4 and ER-tracker and time-lapse confocal
experiments were performed. 35D extract was applied to the cells. The extracellular solution contained 1 mM of calcium. At 200 sec, cytoplasmic calcium
levels were elevated and ER localization displays a decrease in calcium levels (close-up) (A). (B) The same experiment was performed. The external solution
contained 10 mM EGTA decreasing extracellular-free calcium to ~10 nM. Cytoplasmic calcium levels were elevated after 400 sec and ER localized calcium
was decreased.

~150-200 sec. Fig. 3A shows confocal images of fluo-4 (green)  levels and remained elevated up to 1000 sec, as shown by the
and ER-tracker (red) labelled NB cells pre- and post-applica-  increase in fluorescence. Noteworthy, low levels of calcium
tion of extract. After 200 sec intracellular calcium rose to peak  within the cell co-localized with endoplasmic reticulum (ER)
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Figure 4. Scrophularia orientalis extracts induce opening of the mitochondrial permeability transition pore (MPTP). MYCN?2 cells were grown for 48 h. The
last 24 h of the experiment cells were treated with 8 yg/ml of extract 35D. Cells were loaded with calcein-AM , CoCl, and Mitotracker. Opening of MPTP by

35 was measured for co-localization/loss of mitochondrial calcein levels.

staining, suggesting that the increase in calcium may be due to
calcium ER store depletion. Intracellular-free calcium can be
mobilized from either transporters in the membrane of organ-
elles, such as the ER, that act as intracellular calcium stores, or
the extracellular space through ion channels and transporters.
To further investigate the source the Scrophularia extract
mediated calcium mobilisation, 10 mM EGTA was added to
the HBSS buffer, chelating extracellular-free calcium levels to
~10 nM (Fig. 3B).

Scrophularia orientalis extracts induce opening of mito-
chondrial permeability transition pore (MPTP) in NB cells.
To examine the effect of the Scrophularia dichloromethane
extract on loss of mitochondrial membrane integrity, cells
were stained with calcein AM cobalt (CoCl,) and mitochon-
drial dye, and confocal measurements were performed. In
untreated healthy cells calcein-AM, CoCl, are taken up and
non-specific esterase activity cleaves and activates calcein.
Cytoplasmic calcein is almost entirely quenched by CoCl,
whereas mitochondrial calcein is not accessed by CoCl, freely
leading to an overlap of calcein and mitotracker signal in
healthy cells. Upon induction of mitochondrial pore opening
CoCl, enters the organelle leading to quenching and subse-
quent drop of mitochondrial calcein signal. Fig. 4 shows that
treatment of NAM cells with extract decreases mitochondrial
calcein co-localisations levels, whereas healthy cells display
a clear overlap of calcein (green) and mitochondrial (red)
signal. These results suggest that the Scrophularia extract
induces loss of mitochondrial membrane integrity, here indi-
cated by calcein and mitochondria distribution.

Scrophularia orientalis extract induces apoptosis in NB
cells. To determine whether the Scrophularia extract indeed
induced mitochondrial calcium overload and subsequently
promoted apoptosis, whole cell lysates were prepared from
NB cells treated with the extracts or left untreated, and the

lysates were analysed by western blot for detection of apop-
totic markers, cleaved caspase-3 and cleaved PARP. Fig. 5SA
and B shows that extract increased the cleavage of caspase-3
and PARP. However, there was no effect on total caspase
expression. In addition, there was no effect on proliferation
marker, proliferating cell nuclear antigen (PCNA). The band
density in each lane of the western blot was quantified, and the
level of cleaved caspase-3 and cleaved PARP were normal-
ized to GAPDH expression. The quantification of cleaved
caspase-3 showed that the extract significantly increased
caspase-3 cleavage by 4.8-fold for NAM and 6.1-fold for
MOE, compared to control (Fig. 5C). The quantification of
cleaved PARP showed that the extract significantly increased
PARP cleavage by 7.2 and 9.9 for NAM and MOE, respec-
tively, compared to control (Fig. 5D). These results suggest
that the dichloromethane Scrophularia extract induce mito-
chondrial calcium overload, opening of the mitochondrial
permeability transition pore and promoting apoptosis.

Discussion

Scrophularia are herbaceous flowering plants. There are 200
known species of Scrophularia, of which several species
have been found to have medicinal effects. For example,
Scrophularia is used in Traditional Chinese medicine as a
component in a formula used to treat arthritis (25). Previous
studies have shown that Scrophularia has anti-inflammatory
effects and may also be used as an analgesic (14-17). Several
species have been found to have anticancer properties (18,19).
However, there are no studies investigating the medicinal
effects of Scrophularia orientalis. In the current study, an
extract from Scrophularia orientalis which was part of a
library of 500 plant extracts that was screened in a previous
study was found to have potent anticancer effects in NB cells.
The anticancer effects of the Scrophularia orientalis dichlo-
romethane extract were further examined, and the results
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Figure 5. Scrophularia orientalis extracts induce apoptosis in neuroblastoma (NB) cells. MYCN?2 cells were grown with and without induction of MYCN
overexpression for 96 h and were treated the last 24 h of the experiment with 500 nM doxorubicin or 8 ug/ml of extract 35D. Whole cell lysates were analyzed
by western blotting to determine protein level of cleavage of caspase-3 (A) and PARP (B) as well as PCNA. For quantification of caspase-3 protein levels were
normalized on f-tubulin levels (C). For quantification of PARP cleavage fragments were normalized on (3-tubulin and cleaved PARP fragment was normalized
on full length PARP fragment (D).
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Figure 6. Timeline of the effects of Scrophularia orientalis extracts on neuroblastoma (NB) cells. Scrophularia orientalis extract is applied to NB cells at
t=0 h. Within 40 sec (A), Fura 2AM measurements showed a rapid increase in intracellular-free calcium levels. Within 200 sec, confocal images showed an
increase in intracellular calcium and loss of ER calcium (B), in the presence of external calcium. In the absence of external calcium, the ER calcium is still
depleted but the rise in intracellular calcium is less than that observed in the presence of external calcium. At 4 h, elevated intracellular calcium is sustained
(C). At 24 h, elevated intracellular calcium is sustained, and the opening of the mitochondrial permeability transition pore is observed (D) (loss of calcein AM
staining in the mitochondria). Within 48 h, cleavage of caspase and PARP are observed (E). However, there are no changes in cell cycle proteins.
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showed that the extract significantly decreased cell viability
of NB cells with and without MycN overexpression. MycN
is the protein that is the product of MYCN gene expression.
MycN is a transcription factor that contains a C-terminal
basic helix-loop-helix zipper motif and an N-terminal
transactivation domain. MycN binds to genes that contain
the E-box consensus sequence in the promoter (26). MYCN
gene amplification is a negative prognostic indicator of NB,
and is associated with high-risk and advanced stage NB
(27,28).

In addition, MYCN amplification may alter the anticancer
effects of chemotherapeutic drugs and/or confer resistance
to some treatments (29). Identification of alternative treat-
ments with selectivity for MYCN amplified NB or NB with
MycN overexpression would be beneficial for the treatment
of advanced stage, high-risk NB. Therefore, this study
examined the effect of the dichloromethane Scrophularia
orientalis extract in NB cells with and without MycN overex-
pression. Interestingly, the ICs, of the extracts were similar in
NB cells with and without MycN overexpression, suggesting
that components of the extracts are effective in NB cells
regardless of MycN status.

The Scrophularia extract also altered intracellular
calcium regulation. Of note, application of the extracts
induced a rapid increase in intracellular calcium. Confocal
analysis showed that Scrophularia extract increased
intracellular-free calcium through a process that involved
calcium release from the ER, when calcium was present
in the external media. In the absence of external calcium,
exposure of NB cells to Scrophularia extract mobilized
intracellular calcium to a lower extent and with a ~200
second delay, compared to calcium mobilization in the
presence of external calcium. This suggests that calcium
influx, which requires external calcium, is involved in the
elevated calcium induced by Scrophularia extract. Also,
lower levels of intracellular calcium co-localized with ER
marker suggesting that calcium was mobilized, in part,
from the ER. Taken together the data suggest that exposure
of Scrophularia extract triggers at least two components
of calcium mobilisation one being sourced by ER calcium
and the other through plasma membrane mediated calcium
flux. One of the possibilities in this context would be the
induction of store operated calcium entry as one of the
main influx pathways (20,21). To confirm the ER-calcium
depletion, experiments were also conduced with Rhod-4
that has been reported to have greater access to ER stores
confirming the results (data not shown). Further the effect
of magnesium was ruled out by using buffer deficient of
calcium and magnesium (data not shown).

The increase in cytosolic calcium levels was maintained
for over 24 h. This effect may be due to increased or dysregu-
lated activity of calcium release transporters (e.g. IP3 or
Ryanodine receptors) or plasma membrane Store-operated
calcium channels (Orai) (30-35). Alternatively, activation
of transporter proteins that remove cytosolic calcium such
as ATPases that transport calcium into intracellular stores
(SERCA) or out of the cell (Na/Ca-exchanger, Ca-ATPase),
may be hampered (36,37). Inhibition of these processes
could lead to the sustained increase in intracellular calcium
observed in this study.
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Noteworthy, sustained high calcium levels in the cytosol
could lead to transport of calcium into the mitochondria.
The mitochondria is an interesting organelle. It requires
calcium in order to generate energy in the form of adenosine
triphosphate (ATP) (38,39). It also serves as a calcium sink
and can transiently buffer cytosolic calcium, as a cytopro-
tective mechanism (40,41). In addition, there are complex
signaling between the ER and mitochondria that allows for
spatio-temporal patterns of calcium signaling between the
two organelles to tightly control cellular function and cell
fate (42-47). Transport of calcium from the ER to the mito-
chondria at mitochondria associated membranes will help to
buffer cytosolic calcium levels and induce ATP production.
The increased ATP may feed back to the calcium-ATPase
pump in the ER membrane (SERCA) to pump calcium
back to the ER (48,49). However, alterations in the function
of proteins that regulate calcium signaling between these
organelles could lead to a sustained increase in mitochon-
dria calcium that could lead to opening of the mitochondria
permeability transition pore (mPTP) which eventually leads
to activation of the apoptotic pathway calcium (50-52).

In the current study, the data suggest that the Scrophularia
extract may alter the function of the calcium transporters in
the ER and/or mitochondria that may prevent the transport of
calcium from mitochondria and cytosol back into the ER or
out of the cell, which results in sustained cytosolic and mito-
chondria calcium and eventually opening of the mPTP. The
opening of the mPTP resulted in activation of apoptosis in
the NB cells. Western blot analyses showed that the opening
of the mPTP consequently induced apoptosis as shown by
the increase in both cleaved caspase-3 and cleaved PARP,
apoptosis markers. However, the extract did not affect prolif-
eration, as levels of (12) pCNA (proliferating cell nuclear
antigen, a proliferation marker) were unchanged when cells
were treated with the extract.

In conclusion, the current study showed that Scrophularia
orientalis dichloromethane extract has potent anticancer
effects. This extract rapidly increased in intracellular-free
calcium and altered calcium handling that led to sustained
elevation in intracellular calcium and ultimately, opening of
the mitochondria permeability transition pore and apoptosis
in NB cells (Fig. 6). Components in the extracts may provide
an alternative anticancer treatment for NB, and should be
investigated in future studies. This study shows that targeting
calcium signaling at the ER and/or mitochondria may be a
unique strategy for the development of more effective, and
novel drugs for the treatment of NB.
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