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Abstract: Ginkgolic acids (GA) have been reported to exhibit anticancer properties, however, 15 
the mechanisms remain unclear. This study aims to investigate the mechanisms of GA C13:0 16 
that was isolated from Ginkgo biloba exocarp (GBE) for anti-proliferation, pro-apoptosis and 17 
anti-migration effects in human MCF-7 and mouse 4T-1 breast cancer cells. The cytotoxic 18 
effect, apoptosis induction and migration inhibition were measured using MTT, TUNEL and 19 
Wound healing assays. The expression of mRNA and protein were determined using qPCR 20 
and Western blot. Our results showed that no cytotoxicity was found at concentrations of 21 
C13:0 below 100µM. The effects of GA C13:0 was further demonstrated by up-regulation of 22 
the Bax/Bcl-2 apoptosis pathway and the expression of Apaf-1 protein in the mitochondria. In 23 
addition, GA C13:0 also suppressed cell migration and epithelial to mesenchymal transition 24 
(EMT) with the increase of E-cadherin expression accompanied by the decrease of Snail, 25 
MMP-2, MMP-9 and Vimentin expression. Moreover, GA C13:0 induced cytochrome P450 26 
(CYP) 1B1 expression in aryl hydrocarbon receptor (AhR) pathway. Notably, the 27 
up-regulation of CYP1B1 also might play a pivotal regulatory role in mitochondrial and EMT 28 
pathways in MCF-7 and 4T-1 cells. Our results may have implications for the development of 29 
anticancer agents containing GA as functional additives. 30 
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 32 

1. Introduction 33 

Breast cancer is the leading common neoplasm in women and cause significant rate of 34 
morbidity and mortality around the world [1]. The initiation and progression of breast cancer 35 
are ascribed to approximately 80% of external environmental factors, involving radiation, 36 
carcinogens, diet and so on. However, changes in dietary consumption appear to exert a great 37 
effect [2]. Some studies have shown that women consuming a high-fat diet are prone to 38 
enhance the risk of breast cancer compared with that in a low-fat diet in the Asian countries 39 
[3]. Epidemiological studies indicate that more intakes of plant food reduce the risk of breast 40 
cancer [4, 5]. More and more studies also suggest that the prevention of cancer are strongly 41 
associated with the ingestion of natural bioactive compounds that exist principally in the 42 
organism of edible plants such as fruits, seeds and leaves [6, 7]. Therefore, it is a prior 43 
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necessity seeking the natural agents from edible plant for anticancer strategies [8]. 44 
Ginkgo biloba (GB) is an ancient edible and medicinal plant and has been cultivated 45 

extensively in the Asian countries [9]. The valuable organism of GB mainly includes leaves 46 
and fruits. EGB761 derived from Ginkgo leaves have reported to have efficient anticancer 47 
activity in the global drug development [10]. The fruits of GB are known as ginkgo nuts for 48 
functional foods, which have been used for the treatment of malignant neoplasm in the 49 
traditional Chinese medicine [11]. About 75% of the total fruit weight of the GBE, which are 50 
often treated as discarded waste have been reported to provide significant anticancer effects 51 
in vitro [12]. In order to develop the resources of Ginkgo biloba more fully, GBE 52 
pharmacological effects have been exploited and attributed to the composition of flavonoids 53 
(kaempferol, quercetin and isorhamnetin) and terpene trilactones (bilobalide and ginkgolide) 54 
as well as phenolic acids (mainly GA). GA are mixtures of GA homologues 55 
(C13:0,C15:1,C17:2,C15:0,C17:1), which are abundant in GBE exhibit a wide range of 56 
interesting pharmacological effects, involving antioxidant [13], anti-inflammatory [14], 57 
anti-HIV [15] , anti-bacterium [16] and anticancer activities [17, 18]. Unfortunately, GA have 58 
been reported to contain toxic and allergenic potential [19].Thus, the maximal concentration 59 
of GA monomer compound has been restricted to 5ppm for application in the National 60 
Pharmacopoeia monographs. However, studies have shown that GA C13:0 at the 61 
concentrations of 25µM (8ppm) and 100µM (32ppm) are used for inhibiting invasion and 62 
migration in MCF-7 and MDA-MB-231 (human breast cancer cells) [20]. GA C15:1 and C17:1 63 
at 100µM (25ppm) and 40µM (11ppm) are used for pro-apoptosis and anti-migration in A549 64 
and H1299 (human lung cancer cells) [17], and Tac8113 (human tongue squamous carcinoma 65 
cells) [21], suggesting that the maximal concentration of GA may be reassessed for 66 
pharmacological effects on anticancer activity.  67 

GA C13:0 belongs to the alkyl phenols and offers a higher suppressed migratory 68 
behavior compared with the other GA homologues in MCF-7 breast cancer cells [20]. 69 
Moreover, GA C13:0 also inhibits migration through suppression of NEMO sumoylation and 70 
NF-κB activity in MDA-MB-231 breast cancer cells [20]. However, no studies have provided 71 
conclusive mechanisms of action regarding the effects of GA C13:0 in human MCF-7 and 72 
mouse 4T-1 breast cancer cells. In our previous study, the fruit of GB extract showed inhibited 73 
proliferation in MCF-7 and MDA-MB-231 breast cancer cells and that accompanied by the 74 
enhancement of CYP1B1 mRNA expression [22]. In this study, we isolated GA C13:0 from the 75 
GBE and investigated the anti-proliferation, pro-apoptosis and anti-migration effects as well 76 
as the possible pivotal regulatory role of CYP1B1 in breast cancer cells. 77 

2. Results and discussion 78 

2.1. Isolation and comparison of GA C13:0 in MCF-7 and 4T-1 cells 79 

In this study, the MTT assay guided isolation of GA C13:0 from GBE in MCF-7 and 80 
4T-1 cells was evaluated for the anticancer effects. As shown in Figure.1A, the ethanol 81 
extract of GBE showed the stronger anti-breast cancer activity with the IC50 value of 82 
283.05 and 179.31µg/mL compared with the water extract with the IC50 value of 691.86 83 
and 440.32µg/mL in MCF-7 and 4T-1 cells, respectively. Thus, ethanol was chosen as the 84 
optimal solvent for further extraction. Among the four fractions of the ethanol extract, 85 
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Fr.1, the fraction of petroleum ether, exhibited the higher cytotoxicity with the IC50 86 
values of 140.21 and 117.23µg/mL (Figure.1B), compared with the other fractions and 87 
selected for purification. Isolation of Fr.1 afforded nine subfactions. Subfr.4 exhibited the 88 
higher cytotoxicity with the IC50 values of 108.62µg/mL and 95.77µg/mL and selected for 89 
further purification (Figure.1C). Subfr.4 divided into five fractions. Subfr.4-2, the 90 
ingredient was GA C13:0 (Figure.1F, S1 and S2), which was identified using HPLC-MS 91 
presented the highest cytotoxicity with the IC50 values of 53.82µg/mL and 42.51µg/mL in 92 
MCF-7 and 4T-1 cells, respectively (Figure.1D).These results suggested that the GA C13:0 93 
might be responsible for the cytotoxic effect of the GBE extract and the other fractions 94 
and subfractions with lower cytotoxicity were not further isolated. Some studies 95 
demonstrate that other phenolic acids with different side chain structures, such as gallic 96 
acid, chlorogenic acid, caffeic acid and salicylic acid have significantly cytotoxic effects in 97 
MCF-7 and MDA-MB-231 cells, but through different mechanisms of inhibition [23, 24]. 98 

99 
Figure 1. The cytotoxic effects of Extracts, Fractions, Subfractions, Subfraction 4 and ginkgolic acid 100 
(GA) C13:0 in MCF-7 and 4T-1 cells. The IC50 was detected by MTT assay. Both cells were incubated 101 
with different concentrations of Extract (A), Fractions (B), Subfractions (C), Subfraction-4 (D), 102 
(0-800µg/mL) and GA C13:0 (E), (0-800µM) for 24h. The chemical structure of GA C15:1 (F). The data 103 
were means ± SD for three replicates per treatment. (*P < 0.05 and **P < 0.01 compared with 104 
0.05%DMSO-treated control cells). 105 

Besides GA C13:0, there are many special active compounds of flavonoids and 106 
terpenoids in GBE. To further determine the predominant effect of GA C13:0, the 107 
comparison of GA C13:0 and the special standard compounds, involving ginkgolic acids 108 
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(GAs), quercetin, kaempferol, isorhamnetin, bilobalide and ginkgolide B were examined 109 
in MCF-7 and 4T-1 cells. The lethal effect of these compounds at the concentration of 110 
400µM was evaluated using trypan blue dye exclusion assay. As shown in Figure. 2A and 111 
2B, the lethal effect of GA C13:0 was higher than GAs group insignificantly, with cell 112 
death rate of 90.71%, 87.34% and 95.57%, 91.22% in MCF-7 and 4T-1 cells, respectively, 113 
and had more significant difference compared with the control and other active groups. 114 
Therefore, our results demonstrated that the GA C13:0 had a powerful cytotoxic effect in 115 
MCF-7 and 4T-1 cells and represented a source of excellent natural anti-breast cancer 116 
compound in GBE. 117 

 118 

Figure 2. The comparison of ginkgolic acid (GA) C13:0 and the active compounds in MCF-7 and 119 
4T-1 cells. The effect of GA C13:0 and the standards of Ginkgolic acids (GAs), Kaempferol, 120 
Quercetin, Isorhamnetin, Ginkgolide B and Bilobalide were examined in MCF-7 and 4T-1 cells at 121 
concentration of 400µM for 24h. Cell death (blue) was observed by trypan blue dye exclusion assay 122 
(A). The cell death rate was determined from the ratio of the number of nonviable (stained) cells to 123 
the total number of cells (B).The data were represented as the mean ± SD from three independent 124 
experiments. (*P < 0.05 and **P < 0.01 compared with 0.05%DMSO-treated control cells). 125 

2.2. Assessment of cytotoxicity and anti-proliferation of GA C13:0 in MCF-7 and 4T-1 cells  126 

To analyze the cytotoxic and anti-proliferative effects in the MCF-7 and 4T-1 cells, 127 
the cells were treated with GA C13:0 at various concentrations for 24h and the cell 128 
viability was determined using MTT assay, trypan blue dye exclusion assay and 129 
anti-proliferative assay. As shown in Figure.1E, the cytotoxic effect of GA C13:0 was more 130 
significant at concentrations over 200µM and the cell viability rate were less than 40% 131 
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compared with the control group in MCF-7 and 4T-1 cells. However, no significant 132 
cytotoxicity was noted at concentrations of GA C13:0 below 100µM and the cell viability 133 
rate were more than 85% compared with the control group. Additionally, we also 134 
observed that the death rates were 91.45% and 95.02% at concentration of  400µM, 59.75% 135 
and 62.02% at 200µM, 19.27% and 21.14% at 100µM, and 5.02% and 4.88% at 50µM 136 
compared with the control group in MCF-7 and 4T-1 cells, respectively 137 
(Figure.3A,3B).The anti-proliferation of GA C13:0 was shown in Figure.3C,3D, the 138 
percent survival of cells were less than 5% at concentration of 400µM, less than 40% at 139 
200µM, less than 80% at 100µM and nearly 90% at 50µM compared with the control 140 
group in MCF-7 and 4T-1 cells, respectively.  141 

 142 
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 143 

Figure 3. Assessment of cytotoxicity and anti-proliferation of GA C13:0 in MCF-7 and 4T-1 cells. 144 
Treatment with GA C13:0 in MCF-7 and 4T-1 cells at concentrations ranging from 400 to 50µM for 145 
24h. Cell death (blue) was observed by trypan blue dye exclusion assay (A). Cell death rate was 146 
determined from the ratio of the number of nonviable (stained) cells to the total number of cells (B). 147 
The surviving cells with green fluorescent protein (GFP) were observed by inverted fluorescence 148 
microscope (C).The percent survival of cells were performed from the ratio of the number of GFP 149 
cells to the total number of cells (D). The data were represented as the mean ± SD of three 150 
independent experiments. (*P < 0.05 and **P < 0.01 compared with 0.05%DMSO-treated control 151 
cells). 152 

Virtually, in the National Pharmacopoeia monographs, the concentration of GA C13:0 has 153 
been restricted to 5ppm (16µM) for pharmaceutical agents. Studies have reported that the 154 
concentrations of GA C13:0 over 25µM with no cytotoxicity are used for MCF-7 and 155 
MDA-MB-231(human breast cancer cells) [20], A549 (human lung cancer cells) and 156 
SMMC7721 (human liver cancer cells) [25]. However, our results suggested that no cytotoxic 157 
effect of GA C13:0 was observed at concentrations below 100µM and the anti-proliferation of 158 
GA C13:0 appeared increase in a dose dependent manner compared with the control group in 159 
MCF-7 and 4T-1 cells. 160 

2.3. Apoptosis induction of GA C13:0 in MCF-7 and 4T-1 cells 161 

After incubation with GA C13:0 at concentrations ranging from 200µM to 25µM for 162 
24 h, TUNEL and DAPI staining assay was performed to determine whether GA C13:0 163 
could induce apoptosis in MCF-7 and 4T-1 cells. The expression of related proteins in 164 
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apoptosis including B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X (Bax) and Apoptotic 165 
protease-activating factor-1 (Apaf-1) were examined by Western blot assay. Figure.4A 166 
showed that treatment with GA C13:0 at the different concentrations, the morphological 167 
changes of cells in the different stages of apoptosis, such as chromatin condensation and 168 
marginalization, nuclear fragmentation and the production of apoptotic bodies were 169 
clearly observed (red arrows) by inverted fluorescent microscopy. The other 170 
morphological changes were not proposed as apoptotic cells. However, the inability of 171 
partial cells following the high concentration of GA C13:0 at 200µM insult to undergo 172 
chromatin condensation and nuclear fragmentation (white arrows). A similar change was 173 
previously reported for DAPI staining [26].Therefore, the apoptotic cells appeared 20.33% 174 
and 20.41% at concentration of 200µM, 26.33% and 29.41% at 100µM in MCF-7 and 4T-1 175 
cells, respectively, and no significant differences were observed in apoptosis at 176 
concentrations below 50µM compared with the control group (Figure.4B) 177 

 178 

 179 
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 180 

Figure 4. Apoptosis induction of GA C13:0 in MCF-7 and 4T-1 cells. Effect of GA C13:0 on apoptosis 181 
in MCF-7 and 4T-1 cells by DAPI, TUNEL and Western blot analysis. Treatment with GA C13:0 at 182 
concentrations ranging from 200 to 25µM for 24h, apoptotic cells were observed by DAPI and 183 
TUNEL assay using inverted fluorescence microscope. Red arrows showed the apoptotic cells and 184 
white arrows showed the unstained nuclear of cells following toxic insult of the high concentration 185 
of GA C13:0 at 200µM (A).The apoptotic cells were determined from the ratio of the number of 186 
apoptotic cells to the total number of cells. (B). Western blot analysis was detected for the expression 187 
of Bax, Bcl-2 and Apaf-1 after treatment with GA C13:0 at 100µM for 24h (C). The results were 188 
represented as the mean ± SD from three independent experiments. (*P < 0.05 and **P < 0.01 189 
compared with 0.05%DMSO-treated control cells). 190 

Western blot analysis showed that the concentration of GA C13:0 at 100µM significantly 191 
induced Bcl-2 protein expression level decrease, the Bax and Apaf-1 protein expression levels 192 
increase in MCF-7 and 4T-1 cells (Figure.4C). Apoptosis, a mode of programmed cell death, 193 
has a strict and complex signal transduction pathway and is induced through the activation 194 
of either extrinsic receptor mediated apoptosis pathways or intrinsic mitochondria-dependent 195 
pathways [27, 28]. Bax, a pro-apoptotic protein, has been regulated by an anti-apoptotic 196 
protein of Bcl-2, which is located in the outer mitochondrial membrane. 197 
Mitochondria-associated Bcl-2 suppresses Bax/Bak oligomerization and the formation of 198 
pores through which cytochrome C can be released into the cytosol, and initiate with Apaf-1 199 
formation of the apoptosome [29]. The Bax/Bcl-2 ratio and Apaf-1 expression increase have 200 
been considered as an indicator of apoptosis in the intrinsic mitochondria death pathways [30, 201 
31]. Overall, our results illustrated that the concentration of GA C13:0 at 100µM significantly 202 
induced apoptosis in MCF-7 and 4T-1 cells through increased the Bax/Bcl-2 ratio and Apaf-1 203 
protein expression levels in mitochondrial death pathway.  204 

2.4. Anti-migration activity of GA C13:0 in MCF-7 and 4T-1 cells 205 

To assess the effect of GA C13:0 on the migration activity of MCF-7 and 4T-1 cells 206 
with no anti-proliferative effect, wound healing assay was performed and the expression 207 
of related proteins, involving Snail, MMP-2, MMP-9, Vimentin and E-cadherin were 208 
examined. As shown in Figure.5A and 5B, GA C13:0 inhibited migration significantly at 209 
concentrations ranging from 50 to 25µM for 48h compared with the control group. 210 
Western blot analysis showed that GA C13:0 (50µM) decreased the expression of Snail, 211 
MMP-2, MMP-9, Vimentin, and increased E-cadherin expression significantly in MCF-7 212 
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and 4T-1 cells (Figure.5C). 213 

 214 

 215 

 216 

Figure 5. Anti-migration activity of GA C13:0 in MCF-7 and 4T1 cells. Wound healing assay was 217 
performed for evaluating the anti-migration effect of GA C13:0. The confluent monolayers of MCF-7 218 
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and 4T-1 cells were scarred and treated with serum-free medium plus the concentrations of GA 219 
C13:0 at 50µM and 25µM for 48h.The wound was observed using a light microscopy and images 220 
were taken at area of the wound at time 0 and 48h of incubation. Black lines indicate the wound 221 
edge (A). Gap difference of the wound was measured. The data were normalized to the average of 222 
the control and images were plotted against the percentage of migration distance the cells moved 223 
before and after treatment (B). MCF-7 and 4T-1 cells were incubated with 50µM of GA C13:0 for 48 h, 224 
then Western blot analysis was detected for the expression of Snail, MMP-2, MMP-9, Vimentin and 225 
E-cadherin (C). The results represented mean ± SD values of three measurements. (*P < 0.05 and **P 226 
< 0.01 compared with 0.05%DMSO-treated control cells). 227 

In the process of cancer metastasis, EMT is the initial process in cancer progression and is 228 
triggered by the expression changes of genes of epithelial and mesenchymal specific in cancer 229 
cells. The occurrence of EMT allows epithelial cells lose their adhesion and acquire the 230 
capacity of invasion and migration [32]. More evidence for the EMT is regulated mainly by 231 
several epithelial proteins (E-cadherin and keratins) and mesenchymal proteins (vimentin 232 
and MMPs). MMP-2 and MMP-9 are closely associated with the processes of invasion and 233 
migration in various cancer cells [33]. Thus, the decrease of E-cadherin expression and the 234 
increase of Vimentin, MMP-2 and MMP-9 expression are representative characteristic of EMT 235 
[34]. Studies also have reported that GA C13:0 exerts anti-EMT effects by inhibited the NF-κB 236 
activity and down-regulation of uPA, PAI-1 and MMP-9 expression on MDA-MB-231 cells 237 
[20]. GA C15:1 also suppress migration and EMT transition by decreased protein expression 238 
of Snail, Vimentin, MMP-2 and MMP-9 on A549 and H1299 cells [17]. Therefore, our data 239 
suggested that the concentration of GA C13:0 at 50µM suppressed migration and EMT effects 240 
through up-regulated E-cadherin and down-regulated Snail, MMP-2, MMP-9 and Vimentin 241 
protein expression in MCF-7 and 4T-1 cells.  242 

2.5. Effects of CYP1A1, CYP1B1 and AhR expression of GA C13:0 in MCF-7 and 4T-1 cells 243 

To further ascertain the mechanism of inhibition effect of GA C13:0 in MCF-7 and 4T-1 244 
cells, after treatment with GA C13:0 at 50µM for 0, 6, 12 and 24h, the mRNA and the related 245 
proteins of CYP1A1, CYP1B1 and AhR were assayed by RT-PCR and Western blot. As shown 246 
in Figure.6A, GA C13:0 induced the CYP1B1 and AhR mRNA levels increase significantly in 247 
time dependent manner compared with the control group. Treatment for 6, 12 and 24h 248 
increased CYP1B1 mRNA levels by 1.3-fold and 1.9-fold, 1.5-fold and 3.0-fold, and 2.3-fold 249 
and 5.0-fold, respectively, in MCF-7 and 4T-1 cells. Similarly, that increased AhR mRNA levels 250 
by 1.4-fold and 1.6-fold, 2.1-fold and 3.0-fold, and 3.3-fold and 5.1-fold, respectively, in both 251 
cells. However, the CYP1A1 mRNA levels exhibited no significant changes compared with 252 
the control group. Western blot assay showed that treatment of GA C13:0 did not affect 253 
CYP1A1 protein expression, whereas that significantly increased CYP1B1 and AhR protein 254 
expression compared with the control group in MCF-7 and 4T-1 cells (Figure.6B).  255 
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 256 

 257 

Figure 6. Effects of GA C13:0 on the modulation of CYP1A1, CYP1B1 and AhR expression in MCF-7 258 
and 4T1 cells. MCF-7 and 4T1 cells were treated with GA C13:0 at 50µM for 0, 6, 12 and 24h, the 259 
mRNA was extracted and the CYP1A1, CYP1B1 and AhR were examined by qPCR (A). Western blot 260 
analysis was detected for the expression of CYP1A1, CYP1B1 and AhR, after treatment with GA 261 
C13:0 at 50µM for 24h (B). The results were represented as the mean ± SD from three independent 262 
experiments. (*P < 0.05 and **P < 0.01 compared with 0.05%DMSO-treated control cells). 263 

AhR is a ligand-activated transcriptional factor, which binds to specific aromatic 264 
hydrocarbons regulates the expression of downstream genes including CYP1 family 265 
members: CYP1A1 and CYP1B1 [35]. Distinct from CYP1A1, which is detected in only a 266 
few tumors, CYP1B1 has been proposed as a potential target on the basis of investigation 267 
that this enzyme has catalyzed activation of various compounds to metabolites, which 268 
induce DNA damage have anticancer activity [21]. CYP1B1 has catalyzed 17b-estradiol to 269 
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4-hydroxyestradiol metabolite, which induce cellular damage has been implicated in the 270 
initiation stages of mammary tumors [36]. CYP1B1 and CYP1A1 also are shown to 271 
metabolise eupatorin to the flavone cirsiliol and catalyze conversion of diosmetin to 272 
flavone luteolin, which exhibits inhibitory action in MDA-MB-468 breast cancer cells [37, 273 
38]. In our study, the results indicated that GA C13:0, which belongs to the aromatic 274 
hydrocarbons could up-regulate the expression of AhR and induce CYP1B1 increase in 275 
AhR signaling pathway in MCF-7 and 4T-1 cells. However, in contrast to CYP1B1, the 276 
expression of CYP1A1 had no significant changes compared with the control group. The 277 
reason for these may be attributed to the alkyl phenolic structure of GA C13:0. Moreover, 278 
the anticancer activities of metabolites, which were generated from GA C13:0 due to 279 
CYP1B1 catalytic role are required further studies to be confirmed. 280 

Additionally, CYP1B1 has supposed to play a key role by targeting multiple 281 
components of the cell apoptosis and metastatic pathways that are involved in many 282 
tumor cells, including prostate cancer [39], endometrial cancer [40] as well as breast 283 
cancer [41]. CYP1B1 plays a vital regulatory role to affect EMT and activate 284 
Wnt/β-catenin signaling via regulation of Snail, Zeb2,Twist1, MMPs, E-cadherin and 285 
Vimentin in MCF-7 breast cancer cells [41]. CYP1B1 also has induced apoptosis through 286 
regulate the expression of caspase-1, tumor necrosis factor receptor superfamily, member 287 
9 (Tnfrsf-9), CD27 molecule as well as Harakiri, which is Bcl-2 interacting protein 288 
on PC-3 prostate cancer cells [39]. In this study, our results indicated that the 289 
up-regulation of CYP1B1 was accompanied by the changes of related proteins expression, 290 
including Bcl-2, Bax, Apaf-1, Snail, MMP-2, MMP-9, Vimentin and E-cadherin (Figure.7). 291 
Therefore, the induction of CYP1B1 by GA C13:0 might play a pivotal role in 292 
mitochondrial apoptosis and EMT migration pathways in MCF-7 and 4T-1 cells. Further 293 
studies are needed to confirm these associations. 294 

 295 

Figure 7. Scheme for the possible mechanisms of CYP1B1 action. Diagram showed the mechanism 296 
of GA C13:0 on the multiple pathways and the possibility of associations among the mitochondrial 297 
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apoptosis, EMT as well as the vital regulatory role of CYP1B1 in MCF-7 and 4T-1 cells. 298 

3. Materials and methods 299 

3.1. Chemicals, standards and reagents 300 

HPLC-grade methanol was purchased from TEDIA (Fairfield,OH, USA). All other 301 
solvents were of analytical grade. Column chromatography was performed over silica gel 302 
(200–300 mesh, Qingdao Haiyang Chemical Co., Ltd., Qingdao, China). Standards such as 303 
ginkgolic acids, quercetin, kaempferol, isorhamnetin, bilobalide and ginkgolide B were 304 
purchased from the National Institute for the Control of Pharmaceutical and Biological 305 
Products (Beijing, China). 3-(4,5-dimethylthiaxolone-2-yl)-2,5-diphenyltetrazoliumbromide 306 
(MTT), dimethyl sulfoxide (DMSO), RPMI1640 medium, fetal bovine serum, 307 
penicillin/streptomycin, sodium pyruvate, Trypsin-EDTA were purchased from 308 
Sigma-Aldrich (St. Louis, MO, USA).The primary antibodies for anti-MMP-2, anti-MMP-9, 309 
anti-Vimentin, anti-E-cadherin, anti-Snail, anti-Apaf-1, anti-Bax, anti-Bcl-2, anti-CYP1A1, 310 
anti-CYP1B1 and anti-AhR were purchased from Sigma-Aldrich (St. Louis, MO, USA). 311 
Anti-β-actin and other secondary antibodies were obtained from En Jing (Beijing, China). 312 

3.2. Cytotoxic assay guided isolation of GA C13:0 313 

The fresh GBE were collected from Shenyang Agricultural University campus in 314 
Liaoning province of China and identified according to the application standard of 315 
Pharmacopeia of China. The exocarp were cleaned, cut and minced carefully. The two fresh 316 
samples (each1kg, water content 52.82%) were macerated separately in 10L ethanol and water 317 
at room temperature for 24h and then treated with shaking for 4h. Solvent removal using a 318 
rotary evaporator under reduced pressure at 37℃, and the extraction was achieved with the 319 
vacuum drying oven (Salvis,VC20 , Switzerland) to give 12.48g and 11.66g of brown solids, 320 
respectively. Among these, the ethanol extract showed higher cytotoxic effect in MCF-7 and 321 
4T-1 cells (Figure.1A). The ethanol extract was suspended in water (100mL) and partitioned 322 
successively in increasing order of polarity by petroleum ether (3×100mL), ethyl acetate 323 
(3×100mL) and n-butanol (3×100mL) consecutively, giving petroleum ether (1.22g), ethyl 324 
acetate (1.63), n-butanol (1.07g) and H2O (6.95g), respectively. The petroleum ether fraction 325 
showed the higher cytotoxic effect in cells (Figure.1B). The petroleum ether fraction (1.22g) 326 
was subjected to purification by silica gel column (10×500mm, 200 mesh), and eluted with an 327 
increasingly polar gradient of petroleum ether/chloroform (1:0, 2:1, 1:1, 1:2, 0:1, each 240mL) 328 
and chloroform/acetone (1:0, 2:1, 1:1, 1:2, 0:1, each 240mL), to yield nine Sub-fractions (Subf 329 
1-Subf 9). Of these, Subf.4 (28.72mg) exhibited the higher cytotoxic effect (Figure.1C). Subf.4 330 
fraction (28.72mg) was further divided into five fractions (Subf4-1-Subf4-5) using 331 
semi-preparative C18 HPLC. Cytotoxic assay indicated that Subf4-2 (3.32mg) exhibited the 332 
highest effect (Fig.1D). Moreover, the ingredient in Subfr.4-2 was identified as ginkgolic acid 333 
C13:0 (Figure.1F), ESI-MS m/z 319.5 [M－H]− and purity of >85%, on the basis of HPLC-MS 334 
and comparison with the standard of ginkgolic acids (GAs). 335 

3.3. Semi-preparative HPLC purification of GA C13:0 336 
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Semi-preparative HPLC was carried out using C18 HPLC silica semi-prep column 337 
(250×19 mm I.D., 5µm, Waters, USA) on a Waters LC-1525 HPLC system (Milford, MA, USA) 338 
equipped with an UV detector. A gradient elution was performed by varying the proportion 339 
of solvent A (water containing 3% acetic acid) to solvent B (methanol). The gradient program 340 
was as follows: 0-10 min with 80% solvent B, 10-20 min from 80% to 85% B, 20-30 min from 85% 341 
to 90% B, 30-40 min from 90% to 91% B, 40-50 min with 91% to 92% B and 50-60 min from 92% 342 
to 93% B. The flow rate of the mobile phase was 6.0 mL/min, and the UV detection 343 
wavelength was 280 nm, and the sample injection volume was 2.0mL at 28℃ column 344 
temperature. 345 

3.4. Cell lines and culture conditions 346 

The MCF-7 and 4T-1 breast cancer cells were purchased from the cell bank of the Chinese 347 
Academy of Sciences (Shanghai, China). The cells were carrying green fluorescent protein 348 
(GFP) in the cytoplasm. The cells were grown and maintained in RPMI-1640 cell culture 349 
medium supplemented with 10% fetal bovine serum and 1% antibiotics in a tissue culture 350 
apparatus with atmosphere at 37˚C containing 5% CO2. All experiments were repeated three 351 
times independently and the representative images were shown. 352 

3.5. Cytotoxic assay (MTT) 353 

The cytotoxic effect of extracts, fractions, subfractions, subfraction-4 and GA C13:0 were 354 
measured using MTT. The MCF-7 and 4T-1 cells (1×105/well) were cultured in sterile 96 well 355 
plates and treatment with samples containing different concentrations. After the plate was 356 
incubated for 24h, 10µL/well MTT reagents were added to each well and incubated for 4h.The 357 
medium was carefully removed and formazan crystals were dissolved in 110µL of DMSO. 358 
The optical density was determined at 490 nm with SpectraMax190 spectrophotometer 359 
(Molecular Devices, Sunnyvale, CA, USA).The 50% inhibitory concentration (IC50) was 360 
defined as the most cytotoxicity. 361 

3.6. Trypan blue dye exclusion assay 362 

This method was done as demonstrated previously [42]. Briefly, cells were plated into 96 363 
well plates (1×105/well). After treatment with the samples for 24h, cells were harvested 364 
washing with phosphate-buffer-solution (PBS) to remove debris and treated with 1X 365 
trypsin/EDTA solution. The suspended cells were centrifuged for 5 min at 1200 rpm and then 366 
resuspended the cells in 100µL PBS to obtain single-cell suspension. The cell suspension was 367 
loaded into the hemocytometer with the trypan blue (0.4%, 100µL), which was to stain dead 368 
cells. The cell death rate was determined from the ratio of the number of nonviable (stained) 369 
cells to the total number of cells.  370 

3.7. Anti-proliferative assay   371 

The GA C13:0 was diluted in the medium with 0.05% DMSO and filtered with pore of 372 
0.22µm and then stored in the dark at -20℃ until use. Cells were treated with the samples at 373 
various concentrations ranging from 400 to 50µM for 24h, and the control containing the 374 
medium with 0.05% DMSO. Cells percent survival (%) were counted and images were 375 
captured on inverted fluorescence microscope (Eclipse 90i, Nikon, Japan). 376 
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3.8. DAPI staining assay  377 

Cells were plated into 96 well plates (1×105/well). After treatment with GA C13:0 for 24h, 378 
cells washed with PBS and morphological changes and apoptotic cells (%) were observed by 379 
inverted fluorescence microscopy after staining with 0.1µg/mL 4', 380 
6-diamidino-2-phenylindole (DAPI).  381 

3.9. TUNEL assay 382 

The terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling 383 
(TUNEL) assay for detection of apoptosis was performed by using Apoptosis Detection Kit 384 
(Millipore, Chemicon®, USA). According to the manufacturer’s instructions, Cells were 385 
plated in 96 well plates (1×105/well) and treated with GA C13:0 for 24h. Cells washed with 386 
PBS and fixed in 2% paraformaldehyde at 4°C for 30 min. Fixed cells were then permeabilized 387 
in 0.1% Triton X-100 and labeled with fluorescein 12-d UTP using terminal deoxynucleotidyl 388 
transferase. Apoptotic cells were observed using inverted fluorescence microscope.  389 

3.10. Wound healing assay 390 

Cells were plated into 24 well plates (5×105/well) with serum-free medium overnight and 391 
1ml pipette tip was used to vertically scratch the surface of cells at the center of each well. The 392 
wells were washed with PBS and images were taken under inverted bright microscope at 0h 393 
time point, then GA C13:0 was added to various groups and images were taken at 48h time 394 
point post-scratch at the same positions. The image software was used to calculate the 395 
percentage of gap closures. 396 

3.11. Quantification of reverse transcription polymerase chain reaction (qPCR) 397 

Total RNA was extracted using Trizol reagent (Invitrogen Life Technologies, Carlsbad, 398 
CA, USA) and reverse transcription into the first-strand complementary DNA (cDNA) using 399 
the reverse transcriptase kit (Ta Ka Ra, China) according to the instructions. Primer pairs for 400 
CYP1A1, CYP1B1 and AhR are listed in Table 1. The PCR reactions were performed using a 401 
Bio-Rad iQ5 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The PCR amplification was 402 
performed in a total reaction volume of 20µL, containing 1.0µL of cDNA sample, 2.0µL(10µM) 403 
of each primer, 10µl 2×All-in-One qPCR Mix, 4.6µL diethylpyrocarbonateH2O and 0.4 µl 404 
50×ROX Reference Dye (Trans Gen Biotech, Beijing, China).The cycling parameters were: 405 
initial denaturation at 94˚C for 10 min, followed by 36 cycles of denaturation at 94˚C for 30 sec, 406 
annealing at 58˚C for 20 sec and a final extension at 72˚C for 20 sec. Light Cycler 480 analysis 407 
software (Roche Light Cycler 480, Hoffmann La Roche, Ltd., Basel, Switzerland) was used to 408 
obtain the Ct values. The ΔΔCT method was used to analyze the relative expression of 409 
CYP1A1, CYP1B1 and AhR. Reactions were run in three independent experiments. 410 
  411 
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Table 1. Sequences of primer pairs used in real-time PCR 412 

Primer name Squence (5’—3’) Organism 

CYP1A1-For TGGATGAGAACGCCAATGTC 
human 

CYP1A1-Rev TGGGTTGACCCATAGCTTCT 

CYP1B1-For GGCTGGATTTGGAGAACGTA 
human 

CYP1B1-Rev GTCCTTGGGAATGTGGTAGC 

AhR- For ACATCACCTACGCCAGTCGC 
human 

AhR- Rev TCTATGCCGCTTGGAAGGAT 

CYP1A1-For TCCTGTCCTCCGTTACCTGC 
mouse 

CYP1A1-Rev ACCTGCCACTGGTTCACAAA 

CYP1B1-For GATGTGCCTGCCACTATTACGG 
mouse 

CYP1B1-Rev GCACACAGAGACTATCGCACT 

AhR- For CGCTGAAACATGAGCAAATTGG 
mouse 

AhR- Rev ACAGCTTAGGTGCTGAGTCACAGG 

3.12. Western blot assay 413 

Western blotting was done as described previously [43]. Briefly, proteins were separated 414 
by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The 415 
SDS-PAGE gel was transferred to polyvinylidene fluoride (PVDF) membranes. The 416 
membranes were incubated with different primary antibodies, followed with secondary 417 
antibody (horseradish peroxidase conjugated anti-rabbit IgG).Antibody binding was detected 418 
by chemoluminescence regent. Bands were scanned and quantified by automatic 419 
chemiluminescence image analysis system (Tanon Science and Technology Co., Ltd., 420 
Shanghai, China).All experiments were conducted in triplicate. 421 

3.13. Statistical analysis 422 

Data were expressed as the means ± standard deviation (SD) of three replications and 423 
were evaluated by one-way analysis of variance (ANOVA). Statistical analysis and bar graphs 424 
were performed by the GraphPad Prism version 5.0 (Graph PadTM Software, SanDiego, CA, 425 
USA). *P <0.05 and **P <0.01 were regarded as significant. 426 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 January 2018                   doi:10.20944/preprints201801.0271.v1

http://dx.doi.org/10.20944/preprints201801.0271.v1


17 
 

4. Conclusion 427 

In summary, the present study demonstrated that the natural compound of GA C13:0, 428 
which was isolated from the GBE by cytotoxicity guided isolation exhibited anti-proliferation, 429 
pro-apoptosis and anti-migration effects in MCF-7 and 4T-1 cells. Meanwhile, the assessment 430 
of cytotoxicity of GA C13:0 indicated no cytotoxicity was found at concentrations below 431 
100µM. Furthermore, the inhibition mechanisms of GA C13:0 that were involved with 432 
up-regulating Bax/Bcl-2 ratio and the Apaf-1 protein expression in the mitochondrial 433 
apoptosis pathway, down-regulating Snail, MMP-2, MMP-9, Vimentin and up-regulating 434 
E-cadherin protein expression to reveal anti-EMT effects and up-regulating CYP1B1 and AhR 435 
protein expression in the AhR pathway. Notably, the possible associations among the 436 
mitochondrial apoptosis pathway, EMT pathway as well as the vital regulatory role of 437 
CYP1B1 in MCF-7 and 4T-1 cells are needed further studies to be confirmed. Our results 438 
indicate that the more concentrations of GA maybe beneficial to apply in the natural 439 
anticancer agent research field. 440 

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/link. 441 
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Abbreviations 449 

AhR Aryl hydrocarbon receptor 
Bax Bcl-2-associated X 
Bcl-2 B-cell lymphoma 2 
CYP Cytochrome P450 
DAPI 4',6-diamidino-2-phenylindole 
EMT Epithelial to mesenchymal transition 
GA Ginkgolic acids 
GAs Ginkgolic acids standard 
GB Ginkgo biloba 
GBE Ginkgo biloba exocarp 
GFP Green fluorescent protein 
IC50 50% inhibitory concentration 
MMP Matrix metalloproteinase 
MTT 3-(4,5-dimethylthiaxolone-2-yl)-2,5-diphenyltetrazoliumbromide 
PVDF Polyvinylidene fluoride 
qPCR Quantification of reverse transcription polymerase chain reaction 
Subf Sub-fraction 
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
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