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Abstract: Ginkgolide B, the major active component of Ginkgo biloba extracts, can both 

stimulate and inhibit apoptotic signaling. Here, we demonstrate that ginkgolide B can 

induce the production of reactive oxygen species in MCF-7 breast cancer cells, leading to 

an increase in the intracellular concentrations of cytoplasmic free Ca2+ and nitric oxide 

(NO), loss of mitochondrial membrane potential (MMP), activation of caspase-9 and -3, 

and increase the mRNA expression levels of p53 and p21, which are known to be involved 

in apoptotic signaling. In addition, prevention of ROS generation by pretreatment with 

N-acetyl cysteine (NAC) could effectively block intracellular Ca2+ concentrations 

increases and apoptosis in ginkgolide B-treated MCF-7 cells. Moreover, pretreatment with 

nitric oxide (NO) scavengers could inhibit ginkgolide B-induced MMP change and 

sequent apoptotic processes. Overall, our results signify that both ROS and NO played 

important roles in ginkgolide B-induced apoptosis of MCF-7 cells. Based on these study 

results, we propose a model for ginkgolide B-induced cell apoptosis signaling cascades in 

MCF-7 cells. 
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1. Introduction 

Ginkgolide B, the major component of extracts from leaves of Ginkgo biloba L. used in traditional 

Chinese herbal medicine, exerts a wide range of biological activities, including antiangiogenesis and 

antioxidation [1-3]. Ginkgolides are terpenoid compounds, and ameliorate tissue irrigation by 

augmenting cellular energy in the arterial, venous, and capillary circulation. In particular, ginkgolide B 

possesses antioxidant activity, and is a potent peroxy radical scavenger [4]. Ginkgolides decrease singlet 

oxygen, hydrogen peroxide and hydroxyl radical production, supporting their role as antioxidants [5]. 

Recent reports show that the increase in free radicals and associated lipid peroxidation reactions are 

suppressed in the central nervous system and heart upon treatment with extracts of Ginkgo biloba leaves 

[6,7]. In addition, Ginkgo biloba extracts inhibit β-amyloid aggregation-induced caspase-3 activation 

and cell apoptosis [8]. Another study demonstrated that Ginkgo biloba extracts induce injury of oral 

cavity tumors via apoptosis processes [9]. Thus, extracts of this compound appear to have both anti- and 

pro-apoptotic effects. However, while multiple biological functions of Ginkgo biloba extracts have been 

identified to date, the precise molecular mechanisms underlying these actions remain to be established. 

Apoptosis plays an important role in the embryogenesis and homeostasis of multi-cellular organisms, 

and impairment of apoptotic function has been associated with several human diseases, including 

neurodegenerative disorders and cancer [10]. Numerous chemical and physical treatments capable of 

inducing apoptosis can stimulate oxidative stress via generation of ROS in cells [11-13], suggesting that 

there is a close relationship between oxidative stress and apoptosis. Although the precise molecular 

mechanisms underlying apoptosis have not been clearly defined, a number of cysteine proteases called 

caspases are thought to play important roles [14,15], as do members of the Bcl-2 family [16], which 

regulate mitochondrial membrane potential changes and the release of mitochondrial cytochrome c by 

modulating the permeability of the outer mitochondrial membrane. Nitric oxide (NO) is an important 

second messenger that is involved in a variety cellular responses and biological functions, including 

tumor development, metastasis and apoptosis [17-19]. Recent studies have demonstrated that NO is 

largely produced in mitochondria, through the actions of a Ca2+-sensitive mitochondrial NO synthase 

(NOS) [20,21]. This NOS-mediated NO production could control oxygen consumption and 

mitochondrial membrane potential through cytochrome c oxidase; the NO molecule could then be 

reactivated with superoxide to produce peroxynitrite, which could further modify its target substrates 

and induce oxidative stress [22-24]. Several recent studies have shown that oxidative stress and Ca2+ 

influxes act as upstream regulators for mitochondrial NOS activity [25,26]. However, the biochemical 

events involved in ginkgolide B-induced cell injury and the regulatory mechanisms underlying these 

effects are still unclear. 

To elucidate the precise regulatory mechanisms of ginkgolide B-triggered cytotoxicity, we examined 

the effects of ginkgolide B on human breast cancer MCF-7 cells. Our results revealed that ginkgolide B 

treatment triggers apoptotic biochemical changes such as oxidative stress generation, Ca2+ influx, NO 

production, loss of MMP, increased P53 and P21 expression levels, and caspase-9/-3 activation in 

MCF-7 cells. 
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2. Results and Discussion 

MCF-7 cells were incubated with various doses of ginkgolide B, and cell viability was determined. 

Our results revealed that cell viability decreases in response to dose-dependent treatment of 5 to 80 µM 

ginkgolide B (Figure 1A). To examine the cell death mode underlying this decreased viability, cells 

apoptosis and necrosis were measured by propidium iodide/Hoechst 33342 staining and TUNEL assay.  

Our results revealed that ginkgolide B increased the apoptosis-associated parameter in a dose-dependent 

manner (Figure 1B and 1C). In addition, we tested the effect of vehicle alone (0.5% DMSO) in each 

experiment. Our results showed that treatment with vehicle alone had no effect on cell apoptosis (data 

not shown). 

Figure 1. Effects of ginkgolide B on MCF-7 cells. Cells were incubated with or without 

various concentrations of ginkgolide B (GB) for 24 h. (A) Cell viability was determined by 

MTT assay; (B) The percentages of apoptosis and necrosis were determined by propidium 

iodide (PI) and Hoechst 33342 staining; (C) Apoptosis was evaluated using the Cell Death 

Detection ELISA kit.  Values are presented as means ± SD of six determinations. *P<0.05, 

**P<0.01 and ***P<0.001 versus the control (ginkgolide B-free) group. 
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Since our previous studies demonstrated that numerous stimuli can trigger cell apoptosis via ROS 

generation [27, 28], we used DCF-DA and dihydrorhodamine 123 (DHR 123) to examine whether ROS 

formation occurred in MCF-7 cells treated with ginkgolide B. Our results showed that ginkgolide B 

(20-80 µM) treatment stimulated ROS generation about 4-10-fold compared to the untreated control 

group (Figure 2A). Importantly, pretreatment with two commonly-used ROS scavengers, N-acetyl 

cysteine (NAC) and α-tocopherol, effectively prevented ROS generation and apoptosis triggered by 

ginkgolide B (Figure 2B and 2C). These results suggest that ROS generation plays an important regulator 

in ginkgolide B-induced apoptosis.  

Figure 2. Ginkgolide B induces ROS generation in MCF-7 cells. Cells were incubated 

with 20 µM DCF-DA or 20 µM dihydrorhodamine 123 (DHR 123) for 1 h, and treated with 

various concentrations of ginkgolide B (GB) for another 24 h. (A) ROS generation was 

assayed by DCF-DA or DHR 123 fluorescence, and expressed as absorbance/mg of protein; 

(B, C) Cells were pre-incubated with N-acetyl cysteine (NAC; 300 µM) or α–tocopherol 

(Toc; 300 µM) for 30 min and then treated with ginkgolide B (80 µM) for another 24 h. 

ROS generation was assayed using DCF-DA or DHR 123 dye (B). Apoptosis was 

evaluated using the Cell Death Detection ELISA kit (C). The data are representative of 

eight independent experiments. **P<0.01 and ***P＜0.001 versus the untreated control 

group. #P<0.001 versus the ginkgolide B-treated only group. 
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Figure 2. Cont. 
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Changes in intracellular Ca2+ concentration ([Ca2+]i) in  ginkgolide B-treated MCF-7 were detected 

using the Fluo-3AM fluorescence dye. We found that treatment with ginkgolide B elicited an increase in 

[Ca2+]i (Figure 3A). Furthermore, cells cultured in Ca2+-containing medium showed a ~3-fold increase 

of [Ca2+]i following treatment with 80 µM ginkgolide B, whereas this increase was largely, but not 

completely, blocked in treated cells cultured in Ca2+-free cultured medium (Figure 3A). These findings 

indicate that the rise in [Ca2+]i could be primarily attributed to an influx of external Ca2+, with a smaller 

portion due to calcium release from intracellular stores, such as those found in the endoplasmic reticulum, 

mitochondria, nucleus and/or calcium-binding proteins (Figure 3A). Our results further revealed that 

PTIO, an inhibitor of NOS and scavenger of NO, and L-NMMA, an inhibitor of NOS, had little effect on 

ginkgolide B-induced [Ca2+]i increases, whereas pretreatment with NAC significantly decreased this 

effect (Figure 3B). These results suggest that the elevation of [Ca2+]i induced by ginkgolide B treatment 

may be regulated by ROS generation but not by NO. We further used the NO-sensitive dye, DAF-2DA, 

to measure intracellular NO generation during ginkgolide B-induced cell apoptosis. Our results revealed 

that intracellular NO levels increased in MCF-7 cells treated with ginkgolide B (Figure 3C). However, 

this increase could be prevented by pretreatment of cells with the NOS inhibitor, L-NMMA (Figure 3C), 

or 400 µM EGTA (a Ca2+ chelator) (Figure 3C). These results suggest that intracellular Ca2+ levels play 

an important role in the NOS activation and NO increases observed in MCF-7 cells treated with 

ginkgolide B. 
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Figure 3. Ginkgolide B triggers changes in intracellular calcium and NO content in MCF-7 

cells. (A) Cells were incubated with ginkgolide B (GB) as indicated for 24 h. Intracellular 

Fluo-3 fluorescence intensity was measured in the presence/absence of extracellular Ca2+. 

(B) We examined the intracellular Ca2+ level changes triggered by treatment with 

ginkgolide B (GB; 80 µM), and the effects of ROS and NO inhibitors (NAC: 300 µM; 

L-NMMA: 400 µM; PTIO: 20 µM). (C) Cells were pretreated with L-NMMA (400 µM) or 

EGTA (400 µM) for 30 min and then incubated with ginkgolide B. Intracellular NO 

generation was measured by DAF-2DA fluorescence dye. Data are presented as percentage 

of control group. The data are representative of eight independent experiments. *P<0.05, 

**P<0.01 and ***P<0.001 versus the untreated control group; #P<0.001 versus the 

ginkgolide B-treated only group. 

0

50

100

150

200

250

300

350

0 5 10 20 40 80

Calcium solution

Calcium free solution

(a)

GB (µM)

F
lu

o
-3

 F
lu

or
es

ce
n

ce
 

( 
%

 o
f 

co
nt

ro
l)

*
**

*

*
*
*

*
*
*

*
*
*

* *

0

50

100

150

200

250

300

350

0 5 10 20 40 80

Calcium solution

Calcium free solution

(a)

GB (µM)

F
lu

o
-3

 F
lu

or
es

ce
n

ce
 

( 
%

 o
f 

co
nt

ro
l)

*
**

*

*
*
*

*
*
*

*
*
*

* *

 

(b)

0
50

100
150
200
250
300
350
400

F
lu

o-
3
 F

lu
or

e
sc

e
n
ce

 
( 

%
 o

f 
co

nt
ro

l)

— —

Ca f
ree NAC

L-N
MMA

PTIO

GB (80 µM)

*
*
*

*
*
*

*
*
*

#
#

(b)

0
50

100
150
200
250
300
350
400

F
lu

o-
3
 F

lu
or

e
sc

e
n
ce

 
( 

%
 o

f 
co

nt
ro

l)

— —

Ca f
ree NAC

L-N
MMA

PTIO

GB (80 µM)

*
*
*

*
*
*

*
*
*

#
#

 

(c)

0

100

200

300

400

500

D
A

F
 F

lu
or

es
ce

nc
e 

(%
 o

f 
co

nt
ro

l)

— — L-NMMA     EGTA

GB (80 µM)

*
*
*

##

(c)

0

100

200

300

400

500

D
A

F
 F

lu
or

es
ce

nc
e 

(%
 o

f 
co

nt
ro

l)

— — L-NMMA     EGTA

GB (80 µM)

*
*
*

##

 



1183 
 

We next analyzed MMP change, a major apoptotic event during mitochondrial-mediated apoptotic 

processes [29]. Treatment of MCF-7 cells with ginkgolide B decreased DiOC6(3) and TMRE uptake into 

mitochondria, indicating that ginkgolide B induces significant loss of MMP (Figure 4A). In addition, we 

monitored the activations of caspase-9 and caspase-3, which are known to be involved in 

mitochondria-dependent apoptotic pathway, and found that treatment of MCF-7 cells with 5-80 µM 

ginkgolide B stimulated the activation of caspase-9 (Figure 4B) and caspase-3 (Figure 4C). Importantly, 

both MMP change and caspases activation were significantly inhibited by incubation of cells with 20 µM 

PTIO prior to treatment with 80 µM ginkgolide B (Figure 5A-5C). These results indicate that increases in 

NO level may act as an upstream regulator for MMP change and activation of caspase-9 and -3 during the 

ginkgolide B-induced apoptosis of MCF-7 cells.  

 

Figure 4. Loss of MMP and activation of caspase-9 and -3 by ginkgolide B of MCF-7 cells. 

Cells were incubated with or without various concentrations of ginkgolide B (GB) for 24 h. 

(A) Mitochondrial membrane potential (MMP) changes were analyzed using 40 nM 

DiOC6(3) or 1 µM TMRE. (B) Caspase-9 activities were assayed using the Colorimetric 

Caspase-9 Assay kit. (C) Caspase-3 activities were analyzed using Z-DEVD-AFC as the 

substrate. Values are presented as means ± SD of six determinations. *P<0.05 , **P<0.01 

and ***P<0.001 versus the untreated control group. 
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Figure 4. Cont.  
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Figure 5. NO involved in ginkgolide B-induced apoptotic biochemical changes in MCF-7 

cells. Cells were pretreated with PTIO (20 µM) for 1 h and then treated with ginkgolide B 

(80 µM) for another 24 h. MMP change (A), activities of caspase-9 (B) and caspase-3 (C) 

were analyzed. Values are presented as means ± SD of eight determinations. ***P<0.001 

versus the untreated control group. #P<0.001 versus the ginkgolide B-treated only group. 
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Figure 5. Cont.  
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The results from our real-time RT-PCR analyses showed that p53 and p21 were significantly 

up-regulated at the mRNA levels in MCF-7 cells treated with ginkgolide B, but these changes could be 

blocked by pretreatment with NAC or PTIO (Figure 6A and 6B).  
 

Figure 6. Effect of NAC and PTIO on the mRNA expression levels of p53 and p21. Cells 

were pre-incubated with or without NAC (300 µM) and PTIO (20 µM) for 1 h and then 

treated with ginkgolide B (80 µM) for another 24 h. The mRNA expression levels of p53 

(A) and p21 (B) were analyzed using real-time PCR. The given values are representative of 

eight determinations. ***P<0.001 versus the untreated control group. #P<0.001 versus the 

ginkgolide B-treated group. 
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To further determine the role of p53 in ginkgolide B-induced apoptosis, we used targeted siRNAs to 

decrease the expression levels of p53 in MCF-7 cells, and then incubated the cells with ginkgolide B for 

24 h and tested for cell viability. The siRNA knockdown significantly decreased the protein expression 

levels (data not shown) and mRNA levels of p53 and p21 (Figure 7A) in ginkgolide B-treated MCF-7 

cells, and this decrease in p53 expression level was associated with a significant decrease in ginkgolide 

B-induced apoptosis (Figure 7B). These results suggest that ginkgolide B treatment up-regulates p53 in 

MCF-7 cells, and this effect is involved in subsequent apoptosis of the treated cells. 

Previous reports showed that Ginkgo biloba extract and its derivative components can induce 

apoptosis and inhibit cell proliferation in various cell types, including oral cavity cancer, human breast 

cancer, colorectal cancer, and hepatoma cells [9, 30, 31]. We previously also showed that ginkgolides 

could trigger cell death and decreased cell proliferation in blastocysts through ROS generation and JNK 

activation [12, 32]. Oxidative stress is a stimulator of cell responses such as apoptosis [33, 34]. An 

earlier study reports that ginkgolide B inhibits ROS generation and apoptosis via its antioxidant 

properties in β-amyloid-induced apoptosis [8]. 

 

Figure 7. Knockdown of p53 can protect MCF-7 cells against ginkgolide B-induced 

apoptosis. Cells were transfected with siRNA targeting p53, incubated for 24 h, and then 

treated with ginkgolide B (80 µM) for another 24 h. (A) The mRNA expression levels of 

p53 (A) and p21 (B) were analyzed using real-time PCR. (B) Cell apoptosis was measured 

as described in Figure 1. ***P<0.001 versus the untreated control group. #P<0.001 versus 

the ginkgolide B-treated only group. 
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Importantly, ginkgolide B directly induces oxidative stress generation in MCF-7 in our experiments 

(Figure 2). In addition, pretreatment with anti-oxidants effectively prevents ROS-induced apoptotic 

biochemical changes (Figure 2 and 3). Several reports demonstrate that ROS is an important upstream 

regulator of caspase activation during UV-, methylglyoxal-, and osmotic shock-induced apoptosis in 

various mammalian cells [27, 28, 35]. Since recent papers have shown that the addition of some 

compounds to commonly-utilized cell culture media can trigger generation of ROS such as hydrogen 

peroxide [36, 37], we incubated ginkgolide B and culture medium together, and measured ROS by the 

ferrous iron oxidation-xylenol orange method [36]. The results (data not shown) showed no detectable 

artifactual ROS generation under these conditions. These results, coupled with our findings, strongly 

imply that oxidative injury plays a pivotal role in ginkgolide B-induced apoptosis. However, the 

underlying mechanism of ginkgolide B-triggered ROS formation remains to be investigated.  

Mitochondria act as important conduits for signals during programmed cell death, and loss of 

mitochondrial integrity is promoted or inhibited by many key regulators of apoptosis [38, 39]. For 

instance, various cellular stress conditions, including heat shock, DNA damage and oxidative stress, 

result in caspase activation through loss of MMP and cytochrome c release from the mitochondrial 

intermembrane space into the cytoplasm [39, 40]. To further clarify the precise mechanisms underlying 

ginkgolide B-induced apoptosis, we examined MMP changes. Ginkgolide B induced loss of MMP in a 

dose-dependent manner (Figure 4A). In addition, our study also found that PTIO pretreatment caused 

~70% reduction in ginkgolide B-induced NO increases (data not shown). This study result explains how 

ginkgolide B (80 µM) could decrease DiOC6(3) and TMRE uptake into mitochondria by 65%. However, 

pretreatment with PITO only reversed by 30% the inhibitory effect of ginkgolide B on DiOC6(3) and 

TMRE uptake. Moreover, caspases-9 and -3 were activated by ginkgolide B (Figure 4B and 4C). 

Inhibition of NO generation by PTIO led to a decrease in ginkgolide B-triggered 

mitochondria-dependent apoptotic changes (Figure 5). We propose that NO is an important regulator of 

ginkgolide B-induced mitochondria-dependent apoptotic processes.   

Previous studies have shown that increases in intracellular calcium levels can play an important role 

in regulating cell death [20, 41, 42]. In this study, we elucidated whether ginkgolide B treatment induced 

cell apoptosis through intracellular calcium increases. We observed increases in [Ca2+]i following 

ginkgolide B treatment, and found that this increase in [Ca2+]i was largely due to an influx of Ca2+ from 

the extracellular medium (Figure 3A). This effect could be significantly blocked by NAC (Figure 4B), 

indicating that ginkgolide B-induced ROS generation is responsible for the elevation of intracellular 

calcium concentrations in ginkgolide B-treated MCF-7 cells. 

NO is a product produced endogenously from NADPH, O2 and L-arginine catalyzed by nitric oxide 

synthase. A recent study demonstrated that NO production was involved in apoptosis triggered by 

several different types of stimuli [20, 21]. The regulatory actions of NO on the mitochondrial apoptotic 

signaling pathways are well documented. Decreased ratios of Bcl-2/Bax and inhibition of the electron 

transport are regulatory mechanisms of NO-mediated apoptosis [43]. Decrease on Bcl-2/Bax ratios and 

impairment of mitochondrial electron transport may cause release of cytochrome c which involved in the 

control of cell apoptosis. In addition, tamoxifen treatment increased intramitochondrial Ca2+ 

concentrations, leading to stimulation of mitochondrial NO synthase activity and enhancement of NO 
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production in rat livers and human breast cancer MCF-7 cells [21]. Here, we observed NO generation 

following ginkgolide B treatment of MCF-7 cells, with intracellular NO levels ~4-fold higher in treated 

cells versus untreated controls (Figure 3C). Pretreatment with EGTA in the extracellular medium 

significantly prevented this increase in intracellular NO (Figure 3C), indicating that NO production in 

ginkgolide B-treated MCF-7 cells is dependent on the intracellular calcium concentration. The 

regulatory role of NO in cell apoptosis is very complex, and studies have shown that NO-mediated 

apoptotic effects are modulated by different mechanisms in different cell types [19, 44]. A previous 

study showed that NOS substrates or NO donors could inhibit photodynamic treatment-induced 

apoptosis in CCRF-CEM cells [45]. Here, we found that PTIO treatment attenuated loss of MMP and 

decreased caspases activation (Figure 5), suggesting that NO generation may be an important mediator 

of apoptosis in ginkgolide B-treated MCF-7 cells. 

It is well known that NO-mediated apoptotic processes are associated with p53 gene activation, 

which is essential for regulation of cell cycle and/or apoptotic signaling occurring through p21Waf1/Cip1 or 

Bax [46, 47]. In this study, we found that both p53 and p21 mRNA levels were up-regulated by treatment 

with ginkgolide B, and this up-regulation was blocked by pretreatment with PTIO (Figures 6A and 6B). 

Furthermore, siRNA-mediated knockdown of p53 mRNA and protein expression levels prevented 

ginkgolide B-induced increases in the mRNA and protein levels of p21, and decreased subsequent 

apoptosis (Figures 7A and 7B), whereas p21 knockdown blocked ginkgolide B-triggered apoptosis in 

MCF-7 cells, but had no effect on the expression of p53 (data not shown). Our previous study has 

demonstrated that p53 gene activation is an upstream regulator for p21 gene expression [48]. These 

results indicate that the genes encoding p53 and p21 are activated during ginkgolide B-induced 

apoptosis of MCF-7 cells, and further suggest that NO plays an important role in regulating gene 

expression and cell death in ginkgolide B-treated MCF-7 cells. Moreover, comparison of cell groups in 

pre-treatment with NAC, PTIO, or NAC/PTIO and then incubated with ginkgolide B (80 µM) for 24 h, 

the study showed that pre-treatment of cells with NAC, PTIO, or NAC/PTIO had no significant 

difference effects on prevention of ginkgolide B-triggered up-regulation of p53 and p21 mRNA 

expression levels. These observations taken together with the findings that ROS generation and NO 

increases triggered by ginkgolide B can be blocked by NAC, support the hypothesis that ROS generation 

is an upstream regulator of NO increases and sequent apoptotic biochemical changes in ginkgolide 

B-induced apoptotic processes. 

The studies have shown that ginkgolide B can both stimulate and inhibit apoptotic signaling. Our 

previous study revealed that 5-10 µM ginkgolide B treatment of embryonic stem (ESC-B5) cells induced 

apoptosis via ROS generation, JNK activation, loss of mitochondrial membrane potential and activation 

of caspase-3 [12]. In addition, our study also demonstrate that 5-10 µM ginkgolide B treatment of mouse 

blastocysts induces apoptosis, decreases cell numbers, retards early postimplantation blastocyst 

development, and increases early-stage blastocyst death [32]. In contrast, amyloid-β1-42-induced 

apoptosis in neurons were inhibited by ginkgolide B (10 nM-10 µM for 3h) [3]. Importantly, our 

previous study found that ethanol (50-400 mM) induced apoptotic cell death in human Hep G2 cells, and 

that this effect was inhibited by low (5-25 µM) doses of ginkgolide B, but enhanced by high (50-100 µM) 

doses of ginkgolide B [49]. The result point out that ginkgolide B is a ROS scavenger or enhancer for 
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Increase of p53 and p21 
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Caspases activation
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Increase of [Ca2+]i

ethanol-derived free radical generation, and that this molecule has the ability to inhibit or promote cell 

death depending on the treatment dosage [49]. In the present study, we show that ginkgolide B at doses 

higher than 10 µM induces ROS generation and sequent apoptotic biochemical changes in MCF-7 cells 

(Figures 1-6). Taken together these observations and our research results seem to implicate that there is 

some cell type specificity and treatment protocol (i.e., treatment period and dosage of ginkgolide B) may 

determine the effect of ginkgolide B. However, the molecular mechanisms of ginkgolide B on cell 

apoptosis need further investigation for the regimen employed. 

3. Conclusions 

Based on the results of the present study, we propose a possible model of ginkgolide B-induced cell 

apoptosis signaling in MCF-7 cells (Figure 8). Our results collectively show that both intracellular ROS 

and NO play critical roles in ginkgolide B-induced cell apoptosis of MCF-7 cells. 

 

Figure 8. Scheme of events occurring during ginkgolide B-induced cell apoptosis in MCF-7 cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Experimental Section 

4.1. Chemicals 

Ginkgolide B, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 

2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide (PTIO), N-acetyl cysteine (NAC), 

α-tocopherol, 2’,7’-dichlorofluorescein diacetate (DCF-DA), propidium iodide, Hoechst 33342, 

ethyleneglycol-bis(β-aminoethylether)tetraacetic acid (EGTA) and Dulbecco's modified Eagle's 
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medium (DMEM) were purchased from Sigma (St. Louis, MO). Z-DEVD-AFC was obtained from 

Calbiochem (La Jolla, CA).  

4.2. Cell culture and ginkgolide B treatment 

Human breast cancer MCF-7 cells were cultured in DMEM supplemented with 10% heat-inactivated 

fetal bovine serum, 100 U/ml penicillin and 100 µg/ml streptomycin. Cells (~5-6 × 106) were plated on 

60 mm culture dishes and incubated in media containing various concentrations of ginkgolide B for 24 h. 

The cells were then washed twice with ice-cold PBS and lysed in lysis solution (600 µL, 20 mM 

Tris-HCl, pH 7.4, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 1 mM benzamidine, 1 mM phenyl- 

methylsulfonyl fluoride, 50 mM NaF, 20 mM sodium pyrophosphate and 1 mM sodium orthovanadate) 

on ice for 10 min. The cell lysates were collected, sonicated on ice for 3 × 10 sec, and then centrifuged at 

15,000 × g for 20 min at 4oC. The resulting supernatants were used as the cell extracts. 

4.3. MTT assay 

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) test is a colorimetric 

assay that measures the percentage of cell survival. Following treatment of cells with ginkgolide B, 100 

µl of 0.45 g/l MTT solution was added to each well in 96 wells culture plate. Cells were incubated at 

37oC for 60 min to allow color development, and 100 µl of 20% SDS in DMF-H2O (1:1) solution was 

added to each well to halt the reaction. The plates were then incubated overnight at 37 oC to dissolve the 

formazan products. The results were analyzed by spectrophotometry using an ELISA reader at a 

wavelength of 570 nm. 

4.4. Assessment of necrosis and apoptosis 

Oligonucleosomal DNA fragmentation (a hallmark of apoptosis) was measured using the Cell Death 

Detection ELISAplus kit (Roche Molecular Biochemicals, Mannheim, Germany). Cells (1×105) were 

treated with or without the indicated concentrations of ginkgolide B at 37 oC for 24 h, the procedures 

were performed according to the manufacturer’s protocol, and spectrophotometric data were obtained 

using an ELISA reader at 405 nm. In addition, cells were incubated with propidium iodide (1 µg/mL) 

and Hoechst 33342 (2 µg/mL) at room temperature for 10 min, and fluorescent microscopy was used to 

identify the percentage of propidium iodide-impermeable cells having condensed/fragmented nuclei 

(apoptotic) and the percentage of propidium iodide-permeable cells (necrotic). In each experiment, 7-10 

independent fields (~600-1000 nuclei in total) were counted per condition.  

4.5. ROS assay 

ROS arbitrary units were measured using 2’-7’-dichlorofluorescein diacetate (DCF-DA) or 

dihydrorhodamine 123 (DHR 123) dye. Cells (1.0 x 106) were incubated in 50 µL PBS containing 20 µM 

DCF-DA or 20 µM DHR 123 for 1 h at 37oC, and relative ROS units were determined using a fluorescence 

ELISA reader (excitation 485 nm, emission 530 nm). An aliquot of the cell suspension was lysed, the 
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protein concentration was determined, and the results were expressed as arbitrary absorbance units/mg 

protein.  

4.6. Detection of mitochondrial membrane potential (MMP) 

Cells were dispensed into 96-well plates, grown for 24 h, and incubated with various concentrations 

of ginkgolide B for 24 h. Fluorescent dyes, DiOC6(3) (40 nM) or TMRE (1 µM), were added to each 

well, incubated for 15 min, and fluorescence measured with a plate spectrofluorometer [excitation: 485 

nm (DiOC6(3)) or 535 nm (TMRE); emission: 535 nm (DiOC6(3)) or 590 nm (TMRE)] [50, 51].  

4.7. Caspase activity assays 

Caspase-9 activity was assayed using the Colorimetric Caspase-9 Assay Kit (Calbiochem, CA). 

Caspase-3 activity was measured using the Z-DEVD-AFC fluorogenic substrate, as previously 

described [35, 52].  

4.8. Detection of intracellular calcium concentration ([Ca2+]i ) 

The [Ca2+]i was detected with Fluo-3 AM fluorescence dye, using a modification of the previously 

reported method [20, 53]. Briefly, Cells were treated with ginkgolide B, harvested and washed, and then 

loaded with 6 µM Fluo-3 AM in standard medium (140 mM NaCl, 5 mM KCl, 1 mM MgCl2, 5.6 mM 

glucose, 1.5 mM CaCl2, and 20 mM Hepes, pH of 7.4). After 30 min, the cells were washed three times 

with PBS and then resuspended in standard medium or Ca2+-free standard medium. The fluorescence 

intensity of Fluo-3 was determined using a fluorescence spectrophotometer (Hitachi, F-2000; excitation 

at 490 nm, emission at 526 nm).  

4.9. Detection of intracellular NO content 

The DAF-2DA fluorescence dye was used to detect intracellular NO, according to a modification of 

the previously reported method [20, 54]. Briefly, treated or control cells were collected and washed, and 

then incubated with 3 µM DAF-2DA. After 60 min, the cells were washed three times with PBS and the 

fluorescence intensity was measured by a fluorescence spectrophotometer (Hitachi, F-2000; excitation 

at 485 nm, emission at 515 nm). 

4.10. Real-time RT-PCR assay 

Total RNA was extracted with the TRIzol reagent (Life Technologies) and purified with an RNeasy 

Mini kit (Qiagen), according to the manufacturers’ protocols. Real-time PCR was carried out with an 

ABI 7000 Prism Sequence Detection System (Applied Biosystems). The β-actin mRNA levels were 

quantified as an endogenous control, and used for normalization. The primers used for PCR were as 

follows: p53, 5′-CCC ATC CTC ACC ATC ATC AC-3′ and 5′-GTC AGT GGG GAA CAA GAA 

GTG-3′; p21, 5′-GCC GAA GTC AGT TCC TTG TGG A-3′ and 5′-GTG GGC GGA TTA GGG 

CTT-3′. 
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4.11. siRNA knockdown 

Lipofectamine was used to transfect MCF-7 cells with 150 nM of siRNA for targeting against p53 

(5'-GACUCCAGUGGUAAUCUACTT-3'; sip53) or a scrambled control duplex 

(5'-GCGCGCUUUGUAGGAUUCG-3'; siScr). Twenty-four hours post-transfection, fresh culture 

medium was added, and the cells were treated with or without ginkgolide B for another 24 h.  

4.12. Statistics 

Data were analyzed using one-way ANOVA, and the differences were evaluated using a Student’s 

t-test and analysis of variance. A P-value <0.05 was considered significant. 
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