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A B S T R A C T   

In this study, the therapeutic effect and possible mechanism of the total biflavonoid extract of 
Selaginella doederleinii Hieron (SDTBE) against cervical cancer were originally investigated in 
vitro and in vivo. First, the inhibition of SDTBE on proliferation of cervical cancer HeLa cells was 
evaluated, followed by morphological observation with AO/EB staining, Annexin V/PI assay, and 
autophagic flux monitoring to evaluate the possible effect of SDTBE on cell apoptosis and auto-
phagy. Cell cycle, as well as mitochondrial membrane potential (ΔѰm), was detected with flow 
cytometry. Further, the apoptosis related protein expression and the autophagy related gene LC3 
mRNA transcription level were analyzed by Western blot (WB) and real-time quantitative poly-
merase chain reaction (RT-qPCR), respectively. Finally, the anti-cervical cancer effect of the 
SDTBE was also validated in vivo in HeLa cells grafts mice. As results, SDTBE inhibited HeLa cells 
proliferation with the IC50 values of 49.05 ± 6.76 and 44.14 ± 4.75 μg/mL for 48 and 72 h 
treatment, respectively. The extract caused mitochondrial ΔѰ loss, induced cell apoptosis by 
upregulating Bax, downregulating Bcl-2, activating Caspase-9 and Caspase-3, promoting cell 
autophagy and blocking the cell cycle in G0/G1 phase. Furthermore, 100, 200, and 300 mg/kg 
SDTBE suppressed the growth of HeLa cells xenografts in mice with the mean inhibition rates, 
25.3 %, 57.5 % and 62.9 %, respectively, and the change of apoptosis related proteins and 
microvascular density was confirmed in xenografts by immunohistochemistry analysis. The re-
sults show that SDTBE possesses anti-cervical cancer effect, and the mechanism involves in 
activating Caspase-dependent mitochondrial apoptosis pathway.   
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1. Introduction 

Cervical cancer, primarily caused by high-risk human papillomavirus (HPV-HR) infection, stands as the fourth most prevalent 
woman cancer worldwide, and remains one of the primary causes of cancer associated mortality among women [1]. In recent years, the 
incidence rate of cervical cancer has risen significantly, and the patients tend to be younger. Early cervical cancer, regardless of surgery 
or radiotherapy, was satisfactory, and patient five-year survival rate was relatively high. However, for some high-risk cervical cancer 
due to large size of tumors and classification in the middle and late stage, prone to developing or experiencing disseminated tumor 
metastasis, the traditional surgical and radiotherapy efficacy of these patients are poor. Identifying efficient and low toxicity properties 
anti-cancer candidates is always a research hot spot in the fight against cervical cancer. 

Anti-cancer applications of herbs have an extensive history. Herbs offer numerous benefits in managing cancer, including 
decreasing the toxicity of treatment, enhancing the quality of life, and/or augmenting the effectiveness of treatment [2]. Currently, it is 
still an attention spot for screening natural active ingredients [3,4], especially for anti-cancer candidates from herbal medicines [5]. 
Selaginella doederleinii Hieron, an anticancer Chinese herb medicine and belonging to the Selaginella genus of the Selaginellaceae 
family [6–8], has been recognized recently as a research topic by researchers due to its anti-cancer potentials [9–18]. According to the 
reports [7,8], S. doederleinii mainly contains bioflavonoid ingredients, which are the primary active ingredients in the herb and can be 
enriched in the ethyl acetate extract (SDTBE). Wang et al. [6] have reported that the SDTBE exhibits significant anti-tumor activity in 
vitro and has the ability to induce HepG2 cells apoptosis. The anti-tumor effects could be linked to a reduction in the gene expression of 
5-LOX, COX-2, etc., and a decrease in the Bcl-2/Bax mRNA level ratio, the activation of caspase-3, and the suppression of survivin 
mRNA expression by the SDTBE. In our previous studies, the SDTBE demonstrated effective inhibitory effects on the proliferation of 
tumor cells, referring to lung cancer LLC, A549, and PC9 cells, as well as colorectal cancer HCT116 and HT29 cells [19,20]. Especially, 
it showed relatively high relevance (ranked top 5 in KEGG enrich-ment analysis) to human papillomavirus infection by proteomics 
study [21]. Thus, it is reasonable to assume that the SDTBE could have a beneficial effect against cervical cancer and should be 
considered for development as a potential agent against cervical cancer. 

The present study aimed to further evaluate and validate the SDTBE’s potential against cervical cancer, specifically regarding its 
potential role and mechanism in this disease. Therefore, the SDTBE was investigated originally in vitro on HeLa cells pertaining to cell 
proliferation, apoptosis, and the cell cycle. Furthermore, the underlying mechanism was studied for the first time through fluorescence 
microscopy, flow cytometry, Western blot (WB) and real-time quantitative polymerase chain reaction (RT-qPCR). The extract’s anti- 
cervical cancer effect was confirmed with HeLa cells xenografts in mice through analyzing xenografts growth, MVD, and apoptosis- 
related proteins using immunohistochemistry. 

2. Experimentals 

2.1. Materials 

S. doederleinii was obtained from a local drug store in Fuzhou, China, while the voucher specimens, identified by Prof. Hong Yao, 
were stored in the Phytochemistry Laboratory (Room 312) of Fujian Medical University (Fuzhou, China). The antibodies referring to 

Fig. 1. (A) HPLC chromatogram of the extract: Peaks 1–5 are amentoflavone (22.9 %), robustaflavone (5.21 %), 2″,3″-dihydrogen-3′, 3‴-biapigenin 
(3.43 %), 3′,3‴- binaringenin (5.45 %), and (5) Delicaflavone (9.12 %). (B) Inhibitory effects of the SDTBE on the growth of HeLa cells in vitro. 
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caspase-3 (9665S), caspase-9 (7237S), Bcl-2 (2870S), and Bax (2774S) were provided by Cell Signaling Technology Inc. Acetonitrile 
and methanol were from Merck (HPLC grade; Darmstadt, Germany), and glacial acetic acid was obtained from Alad-din (Shanghai, 
China). A Milli-Q system (Bedford, MA) provided purified water. 

2.2. Preparation of the SDTBE 

The SDTBE was prepared in accordance with the aforementioned report [19]. To obtain the crude extract, the entire plant was 
extracted with 70 % ethanol, followed by reduced pressure evaporation to eliminate the ethanol. The concentrate was then resus-
pended with water and extracted sequentially with petroleum ether, dichloromethane, and ethyl acetate. Ultimately, the SDTBE was 
obtained by gathering the ethyl acetate extract, followed by analyzing the five main components, amentoflavone, robustaflavone, 2″, 
3″-dihydrogen-3′, 3‴-biapigenin, 3′,3‴-binaringenin, and delicaflavone, via HPLC (Fig. 1A) by peak area normalization [20]. 

2.3. Cell culture 

HeLa cells were purchased from National Collection of Authenticated Cell Cultures in China, and cultured with RPMI-1640 medium 
(HyClone, USA) containing 10 % FBS (Gibco, USA) and 1 % penicillin–streptomycin maintained in a humidified incubator with 5 % 
CO2 at 37 ◦C. Cells were grown and passaged at 70 % confluence in culture flasks with trypsin-EDTA solution. After three generations, 
cells were harvested to conduct the next experiments. 

2.4. MTT assays 

The viability of cells was detected by a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-nyltetrazolium bromide (MTT) method as per the 
instructions provided in a previous report [20]. Briefly, 5 × 103 HeLa cells were introduced into 96-well plates and incubated for 24 h. 
Subsequently, the cells were exposed to varying concentrations of SDTBE for either 12 h, 24 h, 48 h or 72 h. Afterwards, add 20 μL of 5 
mg/mL MTT solution to each well and incubate at 37 ◦C for an additional 4 h.Next, discard the medium in the plate and add 150 μL 
DMSO to each well. Then, use a microplate reader to record the absorbance of each well at 570 nm. In the experiment, the SDTBE was 
initially dissolved in DMSO and then further diluted with the culture medium to achieve a final DMSO concentration of 0.1%. 

2.5. Morphologic analysis 

To assess the pattern of cell death induced by SDTBE, acridine orange/ethidium bromide (AO/EB) staining was conducted ac-
cording to the literature [20,21]. In AO/EB assay, living cells usually exhibit uniform green fluorescence, while chromatin conden-
sation and nuclear lysis, as well as dense, deeply stained yellow green particles, are visible in apoptotic cells. In addition, transmission 
electron microscope (FEI, TECNAI G2, USA) was used to observe autophagosomes in cells according to literature [20]. 

2.6. Adenovirus transinfecting assay 

Adenovirus transinfecting was carried out in the light of the literature [20]. In brief, the HeLa cells were infected with 10 μL 
autophagy double labeled adenovirus carrying mRFP-GFP-LC3 for 24 h. Afterwards, the cells were interfered with the studied drugs in 
10 % RPMI-1640 for 24 h, followed by observation using a confocal microscope (Olympus FV-1000). 

2.7. Cell apoptosis observation 

Cell apoptosis was observed by flow cytometry with the Annexin V-FITC/PI double staining with kits instruction (BD Biosciences, 
Franklin Lakes, NJ) according to the literature [21,22]. HeLa cells were exposed to varying concentrations of SDTBE (0, 50, 100, and 
200 μg/mL) for 48 h. Afterwards, cells were gathered and washed with ice-cold PBS, followed by resuspending within 200 μL binding 
buffer at a cell count of 1 × 105 cells per milliliter. The samples were hatched with 5 μL of Annexin V-FITC and PI in dark for 15 min at 
ambient temperature. Afterwards, the cells were detected using flow cytometry. Three independent experiments were conducted in the 
study. 

2.8. Mitochondrial membrane potential (ΔΨm) evaluation 

Mitochondrial membrane potential evaluation was performed according to previous reports [21,23–25]. HeLa cells were cultured 
until they reached a fusion of 70 %, after which they were digested with trypsin and adjusted to a cell density of approximately 1 ×
105/mL with 10 % RPMI-1640 medium. Drop 150 μL of the cell suspension onto the cover glass that is situated in a six-well plate. When 
the cells attached to the cover glass, the medium on top was removed, and SDTBE (0, 50, 100 or 200 μg/mL) in 10 % RPMI-1640 
medium were added to each well, followed by incubation for 24 h in a 37 ◦C and 5 % CO2 incubator. After intervention for 24 h, 
the culture medium containing the drugs was discarded. Subsequently, 1 mL of cell culture medium and 1 mL of JC-1 staining working 
solution were added, which were then thoroughly mixed. Following an incubation period of 20 min in a 37 ◦C and 5 % CO2 incubator, 
the supernatant was promptly removed through centrifugation. After resuspended with 2 mL culture medium, the cells were observed 
under a fluorescence inverted microscope. Green fluorescence from JC-1 monomer was utilized to show the lost ΔΨm. 
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2.9. Cell cycle detection 

The cell cycle was detected with PI staining as per the previous report [20]. Briefly, HeLa cells were interfered with SDTBE (0, 50, 
100, or 200 μg/mL) for 48 h, followed by digestion with trypsin alone to prepare into a cell suspension with the aid of culture medium. 
After centrifugation at 1000 rpm for 5 min, the cells were washed with PBS, carefully resuspended by blowing 70 % ethanol precooled 
at 4 ◦C, and fixed for more than 2 h at 4 ◦C. Subsequently, the fixing solution was removed through centrifugation at 1000 rpm, and the 
remains were then washed with PBS, followed by the addition of PI and RNase A and incubating for 30 min in dark at ambient 
temperature. Ultimately, the cells were stored in an ice box, shielded from light, and analyzed within 1 h by flow cytometry. 

2.10. Western blot assay 

HeLa cells were lysed in RIPA lysis buffer on ice for 30min. Following centrifugation for 15 min at 12,000×g and 4 ◦C, the content of 
protein in the supernatant was estimated using a BCA protein determination kit (Beyotime, China). Protein samples were separated 
using 10 % SDS-PAGE and then transferred to a PVDF film (Millipore, USA). The films were incubated in 0.1 % Tris-buffered saline 
with Tween 20 (TBST) with 5 % non-fat dry milk at ambient temperature for 1 h, followed by an overnight incubation with primary 
antibodies of Bax, Caspase-3, Caspase-9, or β-tublin at 4 ◦C. Afterwards, the films were washed with 0.1 % TBST for three times, 
followed by incubation with HRP-conjugated secondary antibodies for 1 h at ambient temperature. An ECL system (Millipore, USA) 
was used to detect the immunoreactive bands. 

2.11. RT-PCR assay 

The RT-PCR assay was conducted in accordance with the aforementioned report [20]. In brief, total RNAs were extracted from the 
collected cells with TRIzol Reagent (Engreen, Beijing, China) following the manufacturer’s guidelines. A spectrophotometer was used 
to determine the concentrations of RNA, which was then adjusted to a final concentration of 200 ng/μL. The adjusted RNA was then 
encountered with RT-PCR using the RevertAid Kit (Thermo Scientific) as per the manufacturer’s instructions. The mRNA expression 
levels of β-actin and LC3 were measured with the primers as follows in Table 1. 

2.12. In vivo anti-cervical cancer assay 

The Animal Care and Ethics Committee of Fujian Medical University (Fuzhou, China) approved the animal care and examination 
protocols (Approval No. FJMU IACUC 2017–0005). The mice were kept at 25 ± 2 ◦C and a relative humidity of 55 ± 5 %, with a 12 h 
light/dark cycle, and were provided with standard mouse chow and water ad libitum. 

Xenograft models were prepared via subcutaneously injecting 1 × 107 HeLa cells into the right flank region of four-week old male 
athymic nude mice, provided by Slake Experimental Animal Co., Ltd., Shanghai, China. When the average size of xenografts reached 
approximately 100 mm3, the animals were randomly divided by five groups (n = 6 per group), namely the control, the positive, and the 
three treatment groups. The control (solvent) or treatment groups (100, 200, and 300 mg/kg SDTBE) were administered by gavage 
daily until sacrifice. The positive group was daily administrated 3 mg/kg cisplatin through mice tail vein, and this continued until the 
mice were sacrificed. Mice body weight and tumor size were recorded every two days. The tumor size was computed with the formula: 
tumor volume = length × width2/2. After treatment for 14 days, the mice were killed via neck dislocation, and the tumors were 
collected, weighed, and photographed. The inhibition of tumor was calculated according to the equation, tumor suppression (%)=(1- 
T/C) × 100, where T refers to the average tumor weight of the treated group, while C indicates the average tumor weight of the control 
group. 

Hematoxylin/Eosin (H&E) staining for tumor tissues was conducted as per a literature [20]. In brief, the tumors were secured in 10 
% formalin, dehydrated through a gradient of alcohol, encased in paraffin, sectioned and dyed with H&E. Immunohistochemical 
staining was conducted in accordance with a previously published report [18], utilizing CD34, Caspase-3, Caspase-9, Bax and Bcl-2 
antibodies. The cell membrane of vascular endothelial cells express CD34, which can be stained brown or brownish-black for the 
cell membrane. The immunohistochemical analysis of MVD was conducted using the following method: the single or several endo-
thelial cells stained brown were counted as one blood vessel, and the blood vessels with lumen diameter more than the sum of eight red 
blood cell diameters were excluded. The number of microvessels in the three fields ( × 200) under light microscope was randomly 
counted in each slice, and the average number was calculated as the MVD number of the slice. The positive staining markers of 
Caspase3, Caspase9, Bax and Bcl-2 were brown granules, which were mainly expressed in cytoplasm. Image-ProPlus 6.0 image analysis 
software ana-lyzes the integrated optical density (IOD) value in each picture, and the average value in three fields in each slice was 
calculated as the amount of these proteins expressed in the tissue. 

Table 1 
The forward and reverse primer sequences for RT-PCR assay.   

β-actin LC3 

forward 5′- CACCCAGCACAATGAAGATCAAGAT-3′ 5′-AGCAAAATCCCGGTGATCATC-3′ 
reverse 5′-CCAGTTTTTAAATCCTGAGTCAAGC -3′ 5′- GCCGGATGATCTTGACCAACT -3′  
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2.13. Statistical analysis 

The data were showed as mean ± SD and analyzed statistically by PASW Statistics 18 statistical software. The T-test was utilized for 
inter-groups comparison and p value less than 0.05 was considered statistically significant. 

3. Results 

3.1. Anti-proliferation effects of SDTBE on HeLa cells 

Fig. 1B demonstrates that SDTBE has the ability to curb the growth of HeLa cells in a dose- and time-dependent manner. Especially, 
for 48 and 72 h treatment, the inhibition of the extract on HeLa cells was more favorable than those for 12 and 24 h treatment. The IC50 
values for 48 and 72 h treatment were 49.05 ± 6.76 and 44.14 ± 4.75 μg/mL, respectively. 

3.2. Effect of SDTBE on HeLa cells apoptosis 

Cells apoptosis status was examined with AO/EB staining cells in the light of the previous report [19]. AO can penetrate normal and 
early apoptotic cells with intact membranes, fluorescing green when bound to DNA. EB only enter cells with damaged membranes, 
such as late apoptotic and dead cells, emitting orange-red fluorescence when bound to concentrated DNA fragments or apoptotic 
bodies. Fig. 2A demonstrates that as the concentration of SDTBE increases, green fluorescence diminishes and orange fluorescence 
manifests, indicating the sequential occurrence of cell apoptosis by the AO/EB staining assay. To investigate further the inhibitory 
impact of SDTBE on HeLa cells, sub-diploid DNA-content and phospholipidserine (PS) externalization were assessed with FACS 
following staining with Annexin V-FITC/PI. Observing significant late apoptosis of HeLa cells for the treatment with SDTBE (50, 100, 
or 200 μg/mL) for 48 h, particularly in the medium and high doses (Fig. 2B), further confirmed that SDTBE has the ability to induce 
apoptosis in HeLa cells. 

3.3. Effect of the SDTBE on HeLa cells autophagy 

It was observed under transmission electron microscope that the membrane in normal HeLa cells was complete, as well as the 
organelle, nuclei and chromosomes in the cytoplasm were normal (Fig. 3A). After treating HeLa cells with 50 μg/mL SDTBE for 24 h, 

Fig. 2. (A) Morphological changes of HeLa cells treated with the SDTBE under fluorescence microscope. HeLa cells were incubated with the SDEAE 
(0, 50, 100, and 200 μg/mL) for 24 h and the cells were then collected and analyzed by AO/EB double-staining. (B) The apoptosis rate of HeLa cells 
induced by the SDTBE (0, 50, 100, and 200 μg/mL) for 48 h, stained with Annexin V-FITC/PI and analyzed by flow cytometry. (C) The effect of the 
SDTBE on ΔΨm in HeLa cells. 
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the structure of double layer and multi-layer membrane appeared in the cytoplasm of the cells, and the autophagosome surrounding 
the undegraded organelle (such as ribosome) and cytoplasmic components (Fig. 3B). When the dosage of SDTBE increased to 100 μg/ 
mL, the double layer and multi-layer structures still appeared in the cytoplasm of the cells, but partial necrosis occurred in the cells 
(Fig. 3C). When the dosage of SDTBE increased to 200 μg/mL, cell necrosis was severe, with a large number of vacuolar like structures 
and visible dissolution of nuclei and cytoplasm (Fig. 3D). 

To validate further the autopahgic promotion effect of the SDTBE on HeLa cells, autophagy double labeled adenovirus tracing was 
performed. As shown in Fig. 4A, after treating HeLa cells with 50 μg/mL SDTBE, the autophagic flow increase, and as the concentration 
of SDTBE increase to 200 μg/mL, the fluorescence of green fluorescence protein (GFP) gradually weakens or even disappears, while the 
red fluorescence from red fluorescence protein (RFP) gradually increases (Fig. 4B, C and D), resulting in more red light spots. It can be 
determined that the level of autophagy flow is increased indeed for the SDTBE treatment on HeLa cells. In another word, the SDTBE 
treatment could induce excessive autophagy of HeLa cells, leading to autophagic cell death. 

3.4. Effect of the SDTBE on ΔΨm 

ΔΨm was assessed with dye JC-1. As illustrated in Fig. 2C, the control group of HeLa cells produced intense yellow and green 
fluorescence. As the concentration of the extract increased, both yellow and green fluorescence diminished. Upon STBDE reaching a 
concentration of 200 μg/mL, the yellow fluorescence almost vanished, indicating that the cells had indeed experienced a loss of 
mitochondrial membrane potential due to apoptosis. 

3.5. Effect of the SDTBE on cell cycle 

The DNA of each phase of the cell cycle varies. Generally, G0 phase refers to the state in which cells are in a blocked state. To assess 
the inhibitory impact of SDTBE to HeLa cell proliferation, flow cytometry was employed to detect the cell cycle. As shown in Fig. 5A 
and B, with the dose increasing SDTBE from 50 to 200 μg/mL, the accumulation percentage in G0/G1 phase significantly increased 
from 45.12 ± 1.90 to 65.44 ± 0.68 % (p < 0.01, vs. 0 μg/mL), and meanwhile, S phase depletion was also observed significantly due to 
the SDTBE treatment (p < 0.01, vs. 0 μg/mL). The results mean the cell cycle was arrested at G0/G1 for the SDTBE treatment. 

3.6. Effect of SDTBE on the apoptosis-associated proteins expression in HeLa cells 

Mitochondrial pathway is an important endogenous pathway of apoptosis. Oligomerization of Bax promotes the activation of 
caspase apoptosis pathway by permeabilizing the outer mitochondrial membrane. When the levels of Bax and caspase series proteins, 
such as Caspase-9 and Caspase-3 are increased, it means the caspase apoptosis pathway could be activated in cells due to endogenous 
or exogenous stimuli. The levels of apoptosis-associated proteins, referring to Bax, Caspase-9, and Caspase-3 in HeLa cells were 
detected using WB assay. As shown in Fig. 6A–C, the SDTBE administration resulted in a dose-dependent increment in the protein 
expression levels of Bax, caspase-9, and caspase-3. These findings indicated that SDTBE promoted the apoptosis of HeLa cells by 

Fig. 3. Autophagosome formation of HeLa cells with the SDTBE treatment at (A) 0 μg/mL, (B) 50 μg/mL, (C) 100 μg/mL, and (D) 200 μg/mL.  
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enhancing the expression of Bax and activating the caspase-dependent signaling pathway in vitro. 

3.7. Effect of the SDTBE on the level of LC3 mRNA in HeLa cells 

As shown in Supplementary material S2, fluorescence quantitative PCR am-plification shows that the amplification curves of the 
internal reference gene β-actin and target gene LC3 are smooth and stable, and the fluorescence absorption spectrum curve is S-shaped, 
meeting the requirements of quantitative detection. It can be seen that as the concentration of SDTBE increases, the transcription level 
of autophagy related gene LC3 mRNA increases. All the treatment groups show significant statistical significance (p < 0.01, vs. the 
control group). 

3.8. Anti-cervical cancer effect of the SDTBE in mice models 

To confirm in vivo the cervical cancer growth inhibition effect of SDTBE, HeLa cell xenografted mice models were treated with the 
extract at a dose of 100, 200, or 300 mg/kg per day via gavage administration. After the treatment experiment, the xenografts were 
stripped and weighted. Under the naked eye, the tumor tissue was quasi-circular, hard, with clear boundary, and had capillary growth 
on the surface (Fig. 7A). When compared to the negative control group, the tumor body was observably smaller in the medium and 
high dose groups, as well as in the cisplatin-positive drug group (p < 0.05). Additionally, the capillary network on the surface of the 
tumor tissue was also observed to be reduced. The average weight and volume of the transplanted tumor in the three treatment groups 

Fig. 4. HeLa cells were transfected with adenovirus expressing mRFP-GFP-LC3. (A) 0 μg/mL, (B) 50 μg/mL, (C) 100 μg/mL, and (D) 200 μg/mL 
SDTBE treatment. 
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were significantly decreased (p < 0.01, vs. control group) (Fig. 7B and C). The inhibitory effect of SDTBE on the HeLa cells xenografts 
presents a dose-dependent manner, and the mean inhibition rates were 25.3 %, 57.5 % and 62.9 % in low, medium and high dose 
groups, respectively. 

H&E staining demonstrated that the tumor cells in the control group grow well and the tumor cells in tumor tissue are densely 
arranged (Fig. 7D). In the treatment groups, the density of tumor cells is significantly reduced with the increasing doses of the SDTBE, 

Fig. 5. Effect of the SDTBE on cell cycle in HeLa cells. (A) Flow cytometry graphs for cells treated with the extract (0, 50, 100, and 200 μg/mL) for 
24 h, stained with PI and analyzed by. (B) Cell cycle phase proportions for the treatment of the different concentrations of extract. Data are pre-
sented as means ± SD (n = 3). *p < 0.05 and **p < 0.01, vs. the controls. 

Fig. 6. Effects of the SDTBE on caspase 9/3 and Bax in HeLa cells. (A) WB assay bands for the treatment of different concentration of the SDTBE. 
Full, non-adjusted blot images are provided in Supplementary material S1. (B), (C) and (D) represent the histographs of the relative expression ratios 
of Cleaved-caspase-9/Caspase-9, Caspase-3/β-tubulin and Bax/β-tubulin, respectively for the treatment of different concentration of the SDTBE in 
the cells. *p < 0.05 and **p < 0.01, vs. the controls. β-tublin was used as an internal control. 
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indicating that the tumor growth is suppressed dose-dependently by the extract. 
CD34 is specifically expressed in the cytoplasm of vascular endothelial cells, and can be stained as brown yellow particles. As shown 

in Fig. 7E, the microvessels were mainly distributed at the edge of the tumor tissue. The microvessel counts in each group are listed in 
Table 2. It indicates that the MVD counts of the HeLa cells xenografts in mice gradually decline as the SDTBE dose increases. The MVD 
count in both of the high and medium dose groups are notably different from that in the control group, with values of 10.44 ± 2.41 and 
12.67 ± 0.33, respectively. These findings indicate a statistically significant difference (p = 0.03 and 0.015, respectively for high and 
medium dose groups vs. control group). As illustrated in Fig. 8A and B, the expression levels of anti-apoptotic related protein, Bax, pro- 
apoptosis related proteins, Caspase-9 and Caspase-3, are upregulated in the treatment groups (p < 0.05, vs. the control group). These 
results suggest that SDTBE may effectively suppress the growth of HeLa cells xenografts in mice by regulating the expression of 

Fig. 7. Effect of the SDTBE on xenografts growth in mice. (A) Tumor volume, (B) tumor size, (C) tumor weight, (D) HE staining and (E) CD34 
staining. Data are expressed as means ± SE, n = 6 mice per group. *p < 0.05 and **p < 0.01, vs. the control group. 

Table 2 
MVD count of xenografts tumor in each group (n =
6, mean ± SD).  

Group MVD count 

Control 26.44 ± 6.19 
L-dose 17.78 ± 4.76 
M-dose 12.67 ± 0.33* 
H-dose 11.67 ± 2.41* 

Compared with control group, *p<0.05. 
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apoptosis-related proteins, suppressing the neovascularization in xenografts tumors, and decreasing the proliferation activity of the 
tumors. 

4. Discussion 

Studies have found that many biflavones play an anti-tumor role by inducing apoptosis and/or autophagic cell death of tumor cells. 
For example, the biflavone Hinokiflavone suppresses the growth of esophageal squamous cell carcinoma by regulating PI3K/AKT/ 
mTOR signal pathway to induce apoptosis [26]. Delicaflavone plays an important role in preventing NSCLC, colon cancer and cervical 
cancer by activating mitochondrial dependent Caspase signal pathway and inhibiting MAPK and PI3K/Akt/mTOR signal pathway [27, 
28]. Isoinkgetin is a potential CDK6 inhibitor, which can inhibit the activity of SLC2A1/GUT1 enhancer and induce autophagic death 
of liver cancer cells [29]. Amentoflavone can inhibit E7 expression, block cell cycle in sub-G1 phase, and induce apoptosis of human 
cervical cancer cells through mitochondrial pathway [30]. SDTBE is considered to have broad-spectrum anticancer activity because it 
mainly contains such biflavones as Delicaflavone and Amentoflavone. Previous studies have confirmed that SDTBE has anti-hepatoma, 
anti-lung cancer, anti-colon cancer and other effects. This paper further studied the growth inhibition of SDTBE on human cervical 

Fig. 8. Effects of the SDTBE on the expression of the apoptosis associated proteins in HeLa cells xenografts in mice. (A) the positive staining of 
Caspase3, Caspase9, and Bax and Bcl-2 proteins; (B) the integrated optical density (IOD) values of each protein expression. Data are expressed as 
means ± SE, n = 6 per group. *p < 0.05 and **p < 0.01, vs. the control group. 
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cancer HeLa cells in vitro and in vivo, in order to expand the anticancer spectrum of SDTBE for the sake of its drug development. MTT 
experiment confirmed that SDTBE inhibited the proliferation of human cervical cancer HeLa cells in vitro in a dose and time dependent 
manner, which suggests that SDTBE has good anti-cervical cancer activity. 

Based on a previous research report [21], it is reasonable to consider that the inhibition of SDTBE on cervical cancer cell prolif-
eration could be related to cell apoptosis and autophagy. AO and EB staining is considered to be a suitable way for qualitative 
assessment of cell apoptosis [19]. In this study, AO/EB staining results showed that green fluorescence attenuated and orange fluo-
rescence appeared for the extract treatment, suggesting that SDTBE induced cell apoptosis, which was further confirmed by the 
annexin V-FITC/PI staining results. Meanwhile, autophagosomes were observed by transmission electron microscope in SDTBE treated 
cells, suggesting that SDTBE also induced cell autophagy, which was further confirmed by autophagy double labeled adenovirus 
tracing assay. 

The unlimited proliferation of malignant tumors is closely related to the imbalance of cell cycle period [19,20]. There are two most 
important phases in cell cycle, namely G1/S and G2/M stages. These two phases are in a period of complex and active molecular level 
changes, easily affected by environmental condition and drug inter-vention, and they play important roles in controlling tumor 
growth. In this study, SDTBE treatment significantly prolonged the G0/G1 and S phases in HeLa cells, suggesting that SDTBE blocked 
the cell cycle process of G0/G1 and S phases, which once again confirmed the anti-HeLa cell proliferation effect of the extract. 

Tumor cell apoptosis mainly involves in three pathways, including the cell surface death receptor-mediated pathway, the endo-
plasmic reticulum pathway, and the mitochondrial apoptosis pathway. The mitochondrial apoptosis pathway is the central mechanism 
of apoptosis induction [31], and it is mediated by Bcl-2 family proteins that possess either anti-apoptotic or pro-apoptotic charac-
teristics, including Bcl-2 and Bax [32]. The ΔΨm loss is known to cause the cytochrome C release, which in turn triggers the formation 
of an apoptotic complex, as well as Caspase-9. After activation of Caspase-9, it next activates Caspase-3, leading to the production of 
cleaved Caspase-3, ultimately accomplishing cell apoptosis [33]. The Caspase-3 activation signifies that apoptosis has entered an 
irreversible stage. In this study, it was observed that SDTBE caused the ΔΨm loss in HeLa cells, thereby leading to the cytochrome C 
release. The subsequent WB assay revealed that SDTBE significantly increased the expression of Bax and decreased the caspase-9 and -3 
expression levels. Meanwhile, the RT-PCR assay revealed a rise in LC3 levels in HeLa cells with the increasing SDTBE, thereby further 
confirming that SDTBE indeed stimulates autophagy in HeLa cells. 

By targeting the CD34 surface of endothelial cells, immunohistochemical quantification of tumor microvessels can be performed, 
which can be denoted as MVD counts [19]. The MVD counts indicate that SDTBE has a significant ability to suppress the growth of 
HeLa cell xenografts by decreasing microvessel density. This suggests that the SDTBE inhibited tumor angiogenesis in vivo, which 
could be another crucial factor contributing to the extract’s anticervical cancer effects. 

To summarize, the SDTBE displays an advantageous effect against cervical cancer, and its mechanism involves hindering the cell 
cycle at G0/G1 and S phases, reducing the mitochondrial membrane potential, suppressing tumor angiogenesis, activating the Caspase- 
dependent mitochondrial apoptosis pathway, promoting cell autophagy, and ultimately inducing the death of cervical cells. In 
conclusion, the SDTBE could be considered a chemotherapeutic candidate for the treatment of cervical cancer. 

Ultimately, the present study still remains a few limitations. In fact, this study only detected the effect of SDTBE on LC3 mRNA 
levels in HeLa cells. In order to confirm the autophagy induction effect of SDTBE in HeLa cells, further quantitation of the protein 
expression levels of LC3I and LC3II is needed, and attention should have been paid to the mechanism of SDTBE inducing autophagy in 
HeLa cells, which of course should be explored in the future experiments. 
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