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Abstract
Background. Amphiphilic block copolymers used as nanomicelle drug carriers can effectively overcome
poor drug solubility and speci�city issues. Hence, these platforms have a broad applicability in cancer
treatment. In this study, Pluronic F127 was used to fabricate nanomicelles containing the histone
deacetylase inhibitor SAHA, which has an epigenetic-driven anti-cancer effect in several tumor types.
SAHA loaded nanomicelles were prepared using a thin-�lm drying method and characterized for size,
surface charge, drug content and drug release properties. Loaded particles were tested for in vitro activity
and their effect on cell-cycle and markers of metastasis.

Results. Following detailed particle characterization, cell proliferation experiments demonstrated that
SAHA loaded nanomicelles more effectively inhibited the growth of HeLa and MCF-7 cell lines compared
with free drug formulations. The 30nm SAHA containing nanoparticles were able to release up to 100% of
the encapsulated drug over a 72h time window. Moreover, gene and protein expression analyses
suggested that this effect was achieved through the regulation of p21 and p53 expression. SAHA was
also shown to upregulate E-cadherin expression, potentially in�uencing tumor migration and metastasis.

Conclusions. This study highlights the opportunity to exploit pluronic-based nanomicelles for the delivery
of compounds that regulate epigenetic processes, thus inhibiting cancer development and progression.

Funding Information
This study received �nancial support from the Jiangsu Nature Science Foundation, BK20191188; the Life
Sciences Research Network Wales project grant ‘Nanoparticle delivery of epigenetic modi�ers: a targeted
approach for Endometrial Cancer treatment’; the joint PhD program Swansea University and Houston
Methodist.

1. Background
Metastasis remains a major clinical challenge in cancer treatment. In this multi-step process tumor cells
migrate from primary tumors to distal sites. Cancer cells have the inherent ability to detach from the
primary tumor site, invade the extracellular matrix, in�ltrate lymphatic or blood vessels, disseminate and
eventually form a secondary tumor [1]. One of the mechanisms by which tumor cells acquire metastatic
features is through undergoing an epithelial-to-mesenchymal transition (EMT), a cellular process
characterized by the loss of epithelial markers (such as E-cadherins) and the overexpression of
mesenchymal markers (mainly N-cadherins), which leads to the more aggressive behavior of these cells
[2]. E-cadherin and N-cadherin are important members of the cadherin family, which are Ca2+ dependent
cell adhesion glycoproteins [3]. Cadherins were initially identi�ed in epithelial tissues [4, 5], but
subsequent studies found that both proteins were also expressed in cancer cells including Hela and MCF-
7. During tumor metastasis, downregulation of E-cadherin is involved in the loss of adhesion of epithelial
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cells, and is followed by the increased expression of N-cadherin which provides cells with the
characteristics of mesenchymal cells and the ability to invade and metastasize to secondary sites [7, 8].

Chemical compounds directly targeting epigenetic processes have emerged as potential treatments for
metastatic disease [9]. Epigenetics involve alterations to the DNA and chromatin landscape and
consequently gene expression patterns and biological processes [10]. The molecular alterations to the
nucleosome-forming histone proteins is one of the major epigenetic modi�cations that have been found
to be altered in cancer [11]. Compounds targeting these modi�cations, reverting them to a non-cancer
state, have great therapeutic potential. Suberoylanilide Hydroxamic Acid (SAHA, commercially known as
Vorinostat) is approved by the FDA for the treatment of malignant cutaneous T-cell lymphoma (CTCL)
[12]. Subsequently, it was found to offer therapeutic potential for other cancer types including cervical,
breast and prostate [13–15]. SAHA is a histone deacetylase (HDAC) inhibitor that can mediate the
downregulation of DNA transcription in numerous biological processes [16] including cell growth arrest,
activation of the extrinsic and intrinsic apoptotic pathways, autophagic, reactive oxygen species (ROS)-
induced cell death and mitotic cell death [17–21]. Furthermore, SAHA appears to inhibit tumor invasion
and metastasis, and studies have con�rmed that another HDAC inhibitor trichostatin A (TSA) can down-
regulate E-cadherin expression [22–24]. Limitations in SAHA utility include low bioavailability, short half-
life and toxic side-effects, which are partly linked to the development of multidrug resistance (MDR) [1,
25, 26]. Together, these factors have limited clinical use of SAHA as an effective anticancer treatment [27,
28]. Encapsulating SAHA within nanoparticles represents a potential strategy for overcoming such
limitations to enhance its utility in clinic.

Nanoparticles including liposomes [29], bio-nanocapsules [30], polymeric nanoparticles [31], chitosan
nanoparticles [32] and polymeric micelles [33] are being developed to overcome poor solubility and drug
e�cacy [34]. Due to the unique physiological and pathological features of the tumor site, correctly sized
nanomicelles can be passively targeted due to the enhanced permeability and retention (EPR) effect,
which can improve the drug e�cacy and reduce the toxic and side effects of the drug [35–37].
Nanomicelles possess unique advantages including structural stability and simplicity of fabrication in a
10–100 nm size-range [38, 39]. They can also effectively prolong the retention time of drugs in vivo and
prevent drug inactivation by enzyme degradation before reaching the tumor site [40].

Pluronic is a water-soluble amphiphilic molecule with a poly(oxyethylene)-block-poly (oxypropylene)-
block-poly(oxyethylene) (PEOx-PPOy-PEOz) triblock structure [41], which self-assembles forming core-
shell micelles in aqueous media. Chlorpromazine (CPZ)-containing Pluronic nanomicelles have been
shown to enhance the cytotoxicity of the drug and increase its selectivity towards chronic myeloid
leukemia cells, demonstrating the pharmacological potential for cancer treatment [42]. Moreover,
Solasodine, a type of steroidal alkaloid that exhibits excellent bioactivities against fungi, viruses, and
especially tumors, has been encapsulated into Pluronic F127 nanocarriers, and was able to enhance the
anti-cancer effect of Solasodine alone in A549 and Hela cells [43]. A similar approach has also been used
for doxorubicin hydrochloride loaded Pluronic F127 nanocapsules which demonstrated delayed drug
release[44] .
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In this work we demonstrated that SAHA-encapsulated Pluronic nanomicelles are able to e�ciently
release the drug in a time-dependent fashion and to exert a more cytotoxic effect than the free drug
formulation when tested on two breast and cervical cancer cell lines. Moreover, similar to the free drug,
the encapsulated SAHA remains effective in triggering cell cycle arrest and apoptosis in a dosage
dependent manner. The histone deacetylase inhibitor drug also altered the expression of the EMT
markers E-cadherin and N-cadherin suggesting that effective delivery has the potential to reverse the
aggressive, metastatic phenotype of these cancer models.

2. Methods
2.1 Chemicals and reagents

Pluronic F127 was purchased from Sigma, China. SAHA was purchased from Nanjing Duolun Chemical
Co., Ltd., China. Acetonitrile, Dimethyl sulfoxide (DMSO), Ammonium persulfate, Sodium chloride,
Dodecyl Sodium sulfate, Tween 20, Methanol, Ethanol, Isopropanol and Chloroform were purchased from
Sinopharm Chemical Reagent Co., Ltd., China. Phosphate Buffered Saline, Dulbecco's Modi�ed Eagle
Medium (DMEM), 1640 Medium, Trypsin were purchased from Solarbio. Fetal Bovine Serum was
purchased from Corning. MTT, Glycine, Tris(hydroxymethyl)aminomethane, Acrylamide were purchased
from Aladdin, China.

2.2 Preparation of SAHA-Pluronic F127 Nanoparticles

200 mg of Pluronic F127 and 3 mg of SAHA were dissolved into 10 ml of acetonitrile. Subsequently, the
solvent was removed by rotary evaporation at 55℃ with decompression. The solid copolymer matrix
obtained was then preheated at 65℃ for 1 h and eventually hydrated with phosphate buffer solution
(PBS, 10mM or 150mM NaCl) or H2O. The nanomicellar solution was �ltered with a 0.22 μm �lter to
remove any free drug. The dispersion, size and zeta potential of nanomicelles was measured by dynamic
light scattering (Particle size analyzer, Malvern, UK).

2.3 Nanomicelle stability

Nanoparticles were resuspended in either H2O, PBS (10mM NaCl) or PBS (150 mM NaCl) and stored at
4℃. In order to assess the stability of each formulation over time, size and poly-dispersion (PDI)
measurements were taken at 0, 5, 10, 15, 20, 25 and 30 days.

2.4 Drug release assessment

A high performance liquid chromatography (HPLC) system (Waters 2535, Milford, MA, US) equipped with
a photodiode array detector was used for the analysis of the drug release potential of the Pluronic
formulations. A C18 HPLC column (GraceSmart RP C18, 4.6 mm × 250 mm, 5 μm) was used for
quantitative analysis of SAHA. Mobile phase A contained HPLC grade H2O, and mobile phase B contained
HPLC grade acetonitrile. SAHA was eluted with 50% mobile phase A and mobile phase B at a �ow rate of
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1 ml/min, with a retention time of 3.6 min and UV detection at 265 nm. Standard curves of concentration
peaks and areas were drawn. Five-point calibration curves for SAHA in the range of 31.25–500 μM were
considered reliable (r2≥ 0.999).

2.5 Determination of drug loading and entrapment e�ciency.

200 μl of nanomicelle solution were added with 800 μl acetonitrile and centrifuged for 5 min at 10,225 x
g. The supernatant was used to determine the concentration of drug by HPLC.

The entrapment e�ciency (EE) and drug loading e�ciency (DL) were calculated as follows:

2.6 In vitro drug release

In order to measure the release of SAHA from nanomicelles, a 20 ml solution containing SAHA loaded
nanomicelles was loaded into a dialysis bag (MWCO: 8000~14,000 Da, Spectrum®, Rancho Dominquez,
CA, USA), which was immersed in 500 ml of 10mM PBS (pH 7.4). Temperature was maintained at 37°C.
At predetermined time intervals, 1 mL of release medium (PBS) was withdrawn and replaced with the
same volume of fresh PBS into the system. The concentration of SAHA inside the solution was
determined by HPLC.

2.7 Cell lines

HeLa (human epithelial cervical cancer) and MCF-7 (human breast adenocarcinoma) cell lines were
kindly donated by Suzhou Institute of Nano-Tech and Nano-Bionics (SINANO), Chinese Academy of
Sciences. HeLa cells were grown in DMEM and MCF-7 cells in RMPI. All media was supplemented with
penicillin (100 U/ml) and streptomycin (100 μg/ml) and 10% FBS at 37℃ in a humidi�ed 5% CO2 and
95% air atmosphere.

2.8 Cell proliferation assay

The anti-proliferative effects of SAHA, SAHA-loaded nanomicelles and empty nanomicelles were
assessed using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay
(Aladdin, China). 1x104cells/well were seeded in 96 well plates, grown overnight, and then treated with
various concentrations of SAHA, SAHA loaded nanomicelles and empty nanomicelles for 24 h, 48 h or 72
h. 20 μL of MTT reagent were added to each well and left incubating for 4 hours. The optical density was
determined at 490 nm using a Multifunctional Microplate Reader (Thermo Fisher, China).

2.9 Western blot
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2.5x105 cells were dispersed in three 6-well plates, grown overnight, and three plates treated with SAHA,
SAHA nanomicelles and empty nanomicelles for 24 h or 48 h. The cells were lysed in RIPA lysis buffer
containing protease and phosphatase inhibitors (Beyotime, China) and total protein was estimated with
BCA Protein Assay Kit (Beyotime, China). Protein was separated by SDS-PAGE and transferred on PVDF
membranes (Beyotime, China). The membranes were blocked in 5% skimmed milk, incubated with
primary antibodies for p21, p53, N-Cadherin or E-cadherin (Santac Cruz, US), and then incubated with the
appropriate HRP conjugated secondary antibody (Absin, China).

2.10 Quantitative RT-PCR (qRT-PCR)

Hela and MCF-7 cells were treated with the SAHA and SAHA loaded nanomicelles for 24 h or 48 h. Total
RNA was isolated using the RNAiso Plus kit (Takara, Japan). 10ug of total RNA was converted into
complementary DNA (cDNA) with PrimeScript RT reagent kit with gDNA Eraser (Takara, Japan). SYBR
Premix Ex TaqTM  (Takara, Japan) solution was used according to manufacturer’s protocol to measure
for mRNA expression of p53, p21, E-cadherin and N-cadherin with by qPCR. GAPDH was used as a control
to determine relative mRNA expression. The table below shows the primer sequences used.

2.11 Statistical analysis

Data were expressed as mean ± standard deviation and analyzed using SPSS software. According to the
distribution type of the data, the samples were processed by T-test and one-way ANOVA analysis, and
P<0.05 was considered statistically signi�cant.

3. Results
3.1 Characterization and assessment of stability of SAHA loaded nanomicelles over time

Nanomicelles were fabricated using a thin �lm method (see section 2.2 materials and methods) and
characterized by dynamic light scattering. Empty and SAHA loaded nanomicelles both had an average
size of 23 nm and a poly-dispersive index (PDI) of 0.09±0.02 and 0.08±0.01 respectively, con�rming the
uniformity of distribution of the formulation (Table 1). The surface charge of the particles was measured
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with the Zetasizer Nano instrument (Malvern, UK), providing a zeta potential value of -1.28±0.28 mV. The
entrapment e�ciency (EE%) and Drug Loading E�ciency (DL%) values were 94.36±0.76% and 1.31±
0.062%, respectively.

In order to gain more insights into the stability of the nanomicelles, the size of particles in three different
solutions (H2O,10mM PBS and 150mM PBS) was measured at different time points for up to 30 days
(Fig. 1). In all three solvents, the initial particle size of SAHA nanomicelles was 30 nm. In H2O the micelles
aggregated over time, increasing six-fold in size compared to day 0 (Fig. 1a). Less aggregation was
observed in 10 mM PBS (Fig. 1b), and no aggregation was observed for nanomicelles dissolved in PBS
containing physiological NaCl concentrations (150mM, Fig. 1c). PBS (150mM NaCl) was therefore
selected for all further experiments.

3.2 Sustained release pro�ling

SAHA loaded nanomicelles were analyzed for their capacity to sustain SAHA release over time (Fig. 2).
SAHA was retained for a longer period of time when loaded in nanomicelles with only 36.53% ±3.43 of
drug released after 2 h and 85.68%±2.48 after 72 h, compared to free SAHA where levels reached 51.55%
±1.56 after 2 h, 96.27% ±3.47 after 72 h. 

3.3 SAHA loaded nanomicelles inhibit Hela cell and MCF-7 cell proliferation

The ability of SAHA loaded nanomicelles to inhibit cell proliferation in both Hela and MCF-7 cancer cell
lines was assessed. HeLa and MCF7 cell lines were treated with 1μM and 5μM of free drug or SAHA-
encapsulated nanoparticles for up to 72 h. The 1uM concentration of free and encapsulated drug
displayed similar toxicities with both Hela and MCF7 cells after 24 h and 48 h (Fig. 3a, 3c), while the
nanomicelles became signi�cantly more effective than the free drug after 72 h on HeLa cells (p<0.05).
Conversely, the 5 M concentration of SAHA-encapsulated nanomicelles proved to be more effective than
the free drug after 48 h for both HeLa (p<0.05, Fig. 3b) and MCF7 (p<0.01, Fig. 3d). The same trends were
maintained after 72 h of exposure to the treatment on both HeLa and MCF7 cells. These observations
suggested that nanomicelles encapsulation of SAHA serve to enhance its cytotoxicity. 

3.4 Effect of SAHA loaded nanomicelles on cell cycle and on EMT.

To evaluate the effect of SAHA encapsulation on the expression of p21 and p53 (cell cycle markers) and
on E/N-cadherins (EMT markers), HeLa cells were treated with free and encapsulated drug for 24 h and
48 h. Increasing concentrations of both free drug and SAHA-encapsulated nanomicelles led to a
signi�cant upregulation of p21 (P<0.05) and a downregulation of p53 (P<0.05) at both 24 h (Fig. 4a-b)
and 48 h (Fig. 4d-e). Moreover, SAHA loaded nanomicelles were more effective than free SAHA (P<0.05)
in triggering alterations at the protein level (Fig. 4a, 4b), and this effect was corroborated by mRNA
expression analysis of the same markers (Fig. 4c, 4f), with SAHA loaded nanomicelles having a
signi�cantly greater effect on the expression of p21 and p53 mRNA (P<0.01) than free drug. The effect of
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SAHA and SAHA-loaded nanomicelles on p21 and p53 protein expression appears concentration-
dependent, with drug encapsulation potentiating the effect of SAHA in nanomicelles.

The effect of SAHA encapsulation in metastatic processes was also undertaken by determining the
expression patterns of E-cadherin and N-cadherin. After 24 h, SAHA and SAHA loaded nanomicelle
treatement resulted in a signi�cant upregulation of E-cadherin protein in Hela cells (P<0.05) (Fig. 4c).
Similarly, the 48 h treatment with either SAHA and SAHA nanomicelles resulted in signi�cantly increased
E-cadherin expression (P<0.05) (Fig. 4f). SAHA-encapsulated nanoparticles were more effective than free
drug in increasing E-cadherin levels. However, neither SAHA nor SAHA loaded nanomicelles had an effect
on N-cadherin expression. 

The same analysis was performed on MCF-7 cells, which displayed a similar response to Hela cells after
24 h treatment, with both SAHA and SAHA loaded micelles signi�cantly upregulating p21 and
downregulating p53 protein (Fig. 5a) and mRNA expression levels (Fig. 5b). The same trend was seen
after 48 h (Fig. 5d-e). Furthermore, SAHA-loaded nanomicelles exhibited a greater effect on protein
expression on both targets compared to free SAHA (P<0.05). Furthermore, gene expression analysis
showed a signi�cant increase in E- cadherin and decrease in N-cadherin after 24 h (Fig. 5c), which was
maintained after 48 h for E-cadherin only (Fig. 5f). In general, SAHA-encapsulated nanoparticles were
more effective in increasing the levels of E-cadherins than the free drug.

Table 1 Characterization of SAHA encapsulated Pluronic nanomicelles. Size, PDI and surface charge were
analyzed using Malvern’s Zetasizer Nano. Entrapment E�ciency and Drug Loading E�ciency were
calculated as explained in Section 2.2

4. Discussion
Here we have demonstrated that the histone deacetylase inhibitor SAHA can be effectively encapsulated
in Pluronic nanoparticles, from which the drug is progressively released for up to 72h. This effect could
also be enhanced by the different intracellular uptake patterns of free drugs compared to nano-
encapsulated formulations in vivo. Indeed, the majority of free drugs enter the cells through a simple
diffusion process, while most nanocarrier drugs enter cells through endocytosis [45-47].

As SAHA has been shown to cause harmful side effects on treated patients, analysis of nanomicelle
encapsulation was undertaken to evaluate if the drug remained active, as encapsulation could be an
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effective route to reducing systemic toxicity. Reported side effects including include fatigue, GI related
diarrhea, nausea, thrombocytopenia and anorexia as observed in different types of cancers, including
ovarian cancers and lymphomas that have been reported [48, 49]. Experiments on Hela and MCF-7 cells
showed that nanomicelle-encapsulated SAHA was in fact more effective than the free drug in causing cell
death. This effect was most evident after 72 h, suggesting that drug release a sustained release of SAHA,
which would be bene�cial in vivo. Furthermore, the encapsulation could result in the use of less drug
while still obtaining a therapeutic effect, or in the more effective and tumor site speci�c delivery due to
the inherent properties of nanostructures.

At the molecular level SAHA treatment caused signi�cant changes in proteins involved in both cell cycle
and cell phenotype. p53 is plays an important role in many molecular processes including DNA
transcription and repair, cell cycle, genomic stability, chromosome segregation, apoptosis, and
angiogenesis [50]. p21 is a potent cyclin-dependent kinase inhibitor that can stabilize the interaction
between cyclin-dependent kinase (CDK)-4/6 and cyclin D and promote the formation of cyclin D/CDK
complexes. Overexpression of p21 leads to the arrest of cells in the G1/G2 or S phases of the cell cycle
[21, 51], hence inhibiting the growth of tumor cells [52-54]. Here we demonstrated that SAHA-loaded
nanomicelles were able to up-regulate p21 and down-regulate p53 expression, consistent with previous
studies on the action of SAHA on tumor growth inhibition by regulating the expression of these genes [36,
38, 39, 55-57].

Detailed analysis of the effects of SAHA-loaded nanoparticles on EMT transition markers revealed a
signi�cant upregulated E-cadherin expression, but with no affect N-cadherin expression. This is
consistent with previous studies, where HDACi were shown to have only a slight effect on N-cadherin
expression in HT-144 and A375 cells [58]. E-cadherins mediate intercellular adhesion through the
interaction of the extracellular and cytoplasmic domains with β-catenin. Down-regulation or deletion of E-
cadherin expression affects the cadherin-catenin complex formation and stability of the complex, which
directly affects the metastatic process [5, 59]. E-cadherin not only enhances cell adhesion but also has
anti-proliferative, anti-invasive and anti-metastatic properties [60, 61]. It has been suggested that SAHA
may inhibit the formation of Snail and HDAC1/HDAC2 complexes by inhibiting the activity of HDAC1 and
HDAC2, leading to the demethylation and transcriptional activation of the E-cadherin. In addition, SAHA
may also up-regulate E-cadherin expression by altering its upstream targets (LEF-1 and Slug) [62], but the
speci�c mechanisms need to be further elucidated.

5. Conclusions
Encapsulation of SAHA into nanomicelles enhances the potency of this epigenetic drug in breast and
cervical cancer cell models. Furthermore this effective formulation will likely enhance drug delivery to
tumor sites, and overcome current issues in delivering HDACi to solid tumors, whilst also reducing side
effects associated with systemic delivery of the free drug. The enhanced permeability and retention effect
(EPR) would enable these nanoparticles to escape via neo-vascularization at tumor sites, and
subsequently their physico-chemical characteristics would allow better penetration into solid tumors [63–
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66]. Such parameters are likely to be speci�c to different cancer types, even when just considering
Pluronic, where differences in e�cacy can be observed [67, 68]. Nanoparticle surface functionalization
could be used to further enhance e�cacy through the addition of speci�c moieties that could both
enhance delivery to the tumor site, avoiding reliance on the passive EPR uptake effect, and home in on
tumor cells overexpressing speci�c cell surface markers, targeting for example tumor stem cells.
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Figures

Figure 1

Analysis of nanoparticles stability over time. The aggregation of nanomicelles in three different solvents
was investigated at 0,5,10,15,20,25 and 30 days. Nanoparticles were kept at 4℃. 1a H2O; 1b 10 mM PBS;
1c 150 mM PBS
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Figure 2

In vitro drug release of SAHA from nanomicelles. Nanomicelles encapsulated with SAHA and
resuspended in PBS were tested for their capacity to release the drug over time. HPLC was used to
measure the amount of SAHA released after up to 72 h. The ±SD value of the data was tested by T test
(n=3).
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Figure 3

Anti-proliferative effect of SAHA on Hela and MCF-7 cells. 3a, 3b effect of different drug concentrations
on Hela cells at 24 h, 48 h and 72 h. 3c, effect of different drug concentrations on MCF-7 cells. Survival
rate was measured by MTT assay. The percentage of viable cells was determined as the ratio of treated
cells to untreated controls. A one-way ANOVA was used to test for statistical signi�cance (*P<0.05,
**P<0.01, ***P<0.001).
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Figure 4

Protein and mRNA expression of p21, p53, E/N-cadherins in Hela cells after 24 (top) or 48 hours (bottom).
Cells were analyzed by western blot and qPCR. 4a, 4d Effect of SAHA and SAHA loaded nanomicelles on
the protein expression of the four markers in Hela cells at 24 and 48 h. 4b, 4e mRNA analysis of p21 and
p53 markers on Hela cells at 24 and 48 h. 4c, 4f Effect of SAHA and SAHA loaded nanomicelles on E and
N-cadherin mRNA expression in Hela cells at both time points. Data were normalized to the level of
GAPDH. Data were tested by T test for statistical signi�cance (n=3, *P<0.05, **P<0.01, ***P<0.001).
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Figure 5

Protein and mRNA expression of p21 and p53 in MCF-7 cells after 24 (top) or 48 hours (bottom). The
effect of SAHA and SAHA loaded nanomicelles on p53 and p21 protein expression in MCF-7 cells was
analyzed. Expression of all four markers was analyzed by western blot at 24 (5a) and 48 h (5d). Data
were normalized to the level of GAPDH. The effect of SAHA and SAHA loaded nanomicelles on p21 and
p53 mRNA expression was also done at 24 h (5b) and 48 h (5e), and normalized to the level of GAPDH,
while the E- and N-cadherin mRNA analysis at 24 and 48 h is shown in (5c) and (5f), respectively. The
expression level is shown relative to the control as 1. A t-test to test for statistical signi�cance was
performed (*P<0.05, **P<0.01, ***P<0.001)


