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Abstract: Pericarpium Citri Reticulatae ‘Chachi’ (PCR-C), rich in polymethoxyflavones (PMFs), has
potential anticancer bioactivity and its quality will be improved during storage. However, the main
factors influencing the PCR-C quality during its storage remain unclear. In this study, multivariate
analysis was performed to investigate free and bound PMFs of PCR-C during storage. The anticancer
effects of purified PCR-C flavonoid extracts (PCR-CF) and the important PMFs were evaluated using
A549 cells. The results showed that PCR-C samples exhibited remarkable differences in free PMFs
during storage, which fell into three clusters: Cluster 1 included fresh (fresh peel) and PCR-C01
(year 1); Cluster 2 consisted of PCR-C03 (year 3) and PCR-C05 (year 5); and PCR-C10 (year 10) was
Cluster 3. 3,5,6,7,8,3′,4′-heptamethoxyflavone, tangeretin, and isosinensetin were identified as the
most important PMFs distinguishing the various types of PCR-C according to its storage periods.
Moreover, PCR-CF inhibited A549 cell proliferation and induced cell cycle arrest at G2/M phase,
cell apoptosis, and ROS accumulation, and all anticancer indices had an upward tendency during
storage. Additionally, tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone exhibited anticancer effects
on A549 cells, whereas isosinensetin displayed no anticancer effect, indicating that tangeretin and
3,5,6,7,8,3′,4′-heptamethoxyflavone jointly contributed to anticancer activity of PCR-C during storage.
PCR-CF and the most important PMFs killed cancer cells (A549 cells) but had no cytotoxicity to
normal lung fibroblast cells (MRC-5 cells). Overall, the high quality of long-term stored PCR-C might
be due to the anticancer effects of tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone.

Keywords: Pericarpium Citri Reticulatae ‘Chachi’; polymethoxyflavones; storage periods; non-small
cell lung cancer; apoptosis

1. Introduction

Pericarpium Citri Reticulatae ‘Chachi’ (PCR-C, Guangchenpi in China), one of the first
food materials promulgated by Chinese Ministry of Health owing to its outstanding efficacy,
is a dried and matured pericarp of Citrus reticulata Blanco or its cultivars cultivated in Xinhui,
Guangdong, China that can not only be used as a dietary supplement but also a traditional
Chinese medicine [1]. PCR-C has pharmacological effects as the adjuvant therapy for indi-
gestion, physical weakness, cough accompanied with expectoration of phlegm, and other
digestive and respiratory diseases [2,3]. Long-term stored medicine refers to that materials
that are stored and maintained through using corresponding methods and then could be
more applicable to the traditional medicinal utilization [4]. There is a folk proverb about the
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aging of PCR-C which is “the longer storage periods, the better”, which reflects the effect
of storage period on the market price and application value of PCR-C [5]. PCR-C contains
abundant flavonoids, which are divided into two categories: flavanone glycosides such
as hesperidin and polymethoxylated flavones (PMFs) such as tangeretin and nobiletin [6].
Although the contents of PMFs are quite low in PCR-C, they are characteristic bioactive
components with extremely potent activities [7,8]. PCR-C quality is mainly attributed to
the accumulation of specific chemical bioactive components during storage. The phenolic
acids in PCR-C have been reported to exhibit an increasing trend, and the antioxidant
activity of PCR-C is enhanced during storage, indicating that phenolic acids might be the
main contributors to the improvement of the quality of long-term stored PCR-C [9]. One
previous study has revealed that the contents of all the polymethoxyflavones (PMFs such as
sinensetin, 4′,5,7,8-tetramethoxyflavone, nobiletin, tangeretin, and 5-O-desmethyl nobiletin)
and their antioxidant activities increase during PCR-C storing, suggesting the positive
correlation between the quality of PCR-C during storage and the PMFs contents [5]. On the
contrary, one metabolomic analysis that was based on UPLC-QTOF-MS indicated that the
contents of PMFs were not positively correlated with the storage periods of PCR-C [10].
The dynamic change of specific chemical bioactive components in PCR-C during storage is
still contradictory due to the limited free fraction of components. Thus, the comprehensive
evaluation on the dynamic changes of free and bound PMFs in PCR-C during storage is
necessary. Among the chemical compounds, the main contributors to the quality of PCR-C
during storage also remain largely unknown.

Lung cancers including non-small cell lung cancer (NSCLC, almost accounting for
85%) and small cell lung cancer are a prevailing oncological disease worldwide with
high incidence rate and mortality rate [11]. The common treatments that include surgery,
radiation, chemotherapy, and targeted therapy are based on the development stage of the
cancer [12]. Although a variety of NSCLC treatment strategies have been developed in
recent decades, the prognosis of patients is far from satisfactory, and the resistance, side
effects, and recurrence are fairly common [13]. Therefore, developing potentially effective
agents and exploring novel NSCLC therapeutic strategies are urgent. Natural products
with the advantages of low cost, safety, and easy accessibility are considered to be the
potentially effective anticancer drugs. The increasing evidence has demonstrated that
PCR-C has antioxidant, anti-inflammatory, anti-asthmatic, neuroprotective, and antitumor
activities [14–16]. However, during storage, the influential contributors to the anticancer
effect of PCR-C remain unclear.

Therefore, it is worth investigating the dynamic change of free and bound PMFs
in PCR-C during storage and explore the influential PMFs that mainly contribute to the
improvement of anticancer effect of PCR-C during storage. In the present study, the mul-
tivariate statistical analysis was performed to reveal dynamic changes of free and bound
PMFs and to identify the important PMFs that could distinguish PCR-C during storage. In
addition, the anticancer effect of PCR-CF and the important PMFs were evaluated to screen
the crucial bioactive components of PCR-CF during storage. The results of dynamic changes
of free and bound PMFs and anticancer activity assay revealed that free PMFs mainly con-
tributed to the difference and the formation of unique quality of PCR-C during storage, and
the free fraction of 3,5,6,7,8,3′,4′-heptamethoxyflavone, tangeretin, and isosinensetin were
the determinant PMFs for discriminating the types of PCR-C at different storage periods.
The accumulation of free tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone during storage
contributed to the improvement of the quality of PCR-C. Our findings will provide a
theoretical basis for the scientific utilization, rational storage, and quality control of PCR-C.

2. Materials and Methods
2.1. Samples and Reagents

The fresh peel of Citrus reticulata cv. ‘Chachiensis’ (Fresh) and PCR-C aged 1, 3, 5,
10 years (PCR-C01, PCR-C03, PCR-C05, PCR-C10) were obtained from Ganze Garden,
Shuangshui Town, Xinhui District, Jiangmen City, Guangdong Province, China and au-
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thenticated by Hubei university of Chinese Medicine. PCR-CF at the fresh peel and aged 1,
3, 5, 10 years (Fresh-F, PCR-C01F, PCR-C03F, PCR-C05F, PCR-C10F) were obtained from
our laboratory according to our previous study [17]. The flavonoid standards tangeretin,
isosinensetin, and 3,5,6,7,8,3′,4′-heptamethoxyflavone were purchased from Yuanye Bio-
Technology Co., Ltd. (Shanghai, China). Fetal bovine serum (FBS) was purchased from
Germini (Woodland, CA, USA). Dulbecco’s Modified Eagle Medium/Nutrient Mixture
F-12 (DMEM/F12) was obtained from HYcezmbio Biotechnology Co., Ltd. (Wuhan, China).
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was provided by
Gen-View Scientific Inc. (Calimesa, CA, USA). Trypsin was obtained from Lanheng Shidai
Biotechnology Co., Ltd. (Wuhan, China). Penicillin-Streptomycin Solution was purchased
from Cienry Biotechnology Co., Ltd. (Huzhou, China). Annexin V FITC/PI apoptosis and
cell cycle staining kit were obtained from Multi-sciences (Lianke) Biotechnology Co., Ltd.
(Hangzhou, China). 2′,7′-dichlorofluorescein diacetate (DCFH-DA) and Dimethyl sulfoxide
(DMSO) in cell culture grade were obtained from Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Cell Culture

Human non-small lung cancer A549 cells and human normal fetal lung fibroblast
cell line (MRC-5) were purchased from the Cell bank of Chinese Academy of Sciences in
Shanghai, China and cultured in DMEM/F-12 medium that was supplemented with 10%
FBS, penicillin (100 U/mL), and streptomycin (100 µg/mL) under a stable atmosphere of
5% CO2, at 37 ◦C constant temperature and a relatively high humidity of 95%. When they
grew to approximately 80–90% confluence, the cells were passaged until the logarithmic
growth phase and used for subsequent experiments.

2.3. MTT Assay

During the logarithmic growth phase, A549 cells and MRC-5 cells were grown in 96-
well plates at a density of 3000 cells/well overnight. Then, the cells were treated with the
indicated PMFs and PCR-CF diluted in DMEM/F12 culture medium. After 24-h treatment,
0.5 mg/mL MTT solution was added and incubated for 2–4 h. The medium was removed,
and 200 uL DMSO was added to each well, followed by 10-min incubation. After shaking
for 5 min at medium speed, the absorbance at 490 nm was measured using a microplate
reader (MultiScan Go, Thermo Scientific Co., Ltd., Waltham, MA, USA). The cell viability
percentage (%) was determined by OD treatment group/OD control group × 100%. IC50
was calculated by the Logit method using GraphPad Prism 7.0.

2.4. Cell Cycle Analysis

A549 cells were grown in 12-well plates at a density of 1 × 105 cells/well overnight
and treated with PMFs and PCR-CF for 24 h. The cells were harvested and fixed with
ethanol (pre-cooled overnight at −20 ◦C), followed by centrifugation (1000 rpm, 3 min).
Subsequently, the cells were stained with 1 mL DNA staining solution (PI containing
RNase A, Lianke Biotech, CCS012; Hangzhou, China) for 30 min. The red fluorescence was
detected by CytoFLEX S flow cytometer (Beckman Coulter) at the excitation wavelength of
488 nm within one hour and analyzed by FlowJo software 7.6.

2.5. Cell Apoptosis Analysis

The A549 cells were grown in 12-well plates at a density of 1× 105 cells/well overnight
and treated with PMFs and PCR-CF for 24 h. The cells were washed with precooled PBS
twice and harvested. After being resuspended in 500 µL binding buffer (1×) and diluted
with PBS, the cells were double stained with 5 µL annexin V-FITC and 10 µL PI in the cell
suspension for 5 min using the Annexin V-FITC/PI apoptosis kit (Lianke Biotech, AP101).
At least 10,000 living cells were analyzed on a CytoFLEX S flow cytometer (Beckman
Coulter) within one hour. The green fluorescence of annexin V-FITC was detected by the
FITC channel (Ex = 488 nm, Em = 530 nm) and the red fluorescence of PI was detected
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by the PI channel (Ex = 535 nm, Em = 615 nm). The apoptosis rate was analyzed by
FlowJo software 7.6.

2.6. Detection of Intracellular ROS Accumulation

The A549 cells were seeded in 12-well plates at a density of 1× 105 cells/well overnight
and treated with PMFs and purified PCR-CF for 24 h. Afterwards, the cells were incubated
for 45 min at 37 ◦C and washed with PBS twice. After DCFH-DA (10 µM) staining,
intracellular ROS accumulation was detected by flow cytometry. The fluorescence intensity
was measured by a flow cytometer at an excitation wavelength of 488 nm and an emission
wavelength of 525 nm within one hour. The ROS level was analyzed by FlowJo software 7.6.

2.7. Data Processing and Statistical Analysis

All the data were expressed as the means ± SD (standard deviation) of the tripli-
cates (n = 3) from independent experiments. The data were processed using GraphPad
Prism 7.0 (GraphPad Software Inc., La Jolla, CA, USA). The IC50 values were obtained
from nonlinear regression. One way ANOVA analysis and subsequent Duncan’s test were
performed for comparison among the samples, and p < 0.05 was considered as statisti-
cally significant. The hierarchical clustering analysis (HCA) was performed by TBtools
software. Principal component analysis (PCA) was conducted using Origin software (ver-
sion 2021; Origin Lab, Northampton, MA, USA). PLS-DA analysis was performed by
SIMCA software (version 14.1).

3. Results and Discussion
3.1. Multivariate Statistical Analysis of Bound and Free PMFs during PCR-C Storage

The bound and free PMFs in positive and negative ion modes during PCR-C storage
were examined qualitatively and quantitatively by HPLC-Q-TOF-MS/MS based on our
previous research, and the contents of eight PMFs with high response intensity includ-
ing isosinensetin (C1), sinensetin (C2), 5,7,8,4′-tetramethoxyflavone (C3), nobiletin (C4),
5,6,7,4′-tetramethoxyflavone (C5), 3,5,6,7,8,3′,4′-heptamethoxyflavone (C6), tangeretin (C7),
and 5-demethylnobiletin (C8) were determined by HPLC [17].

The multivariate statistical analysis was performed to investigate the dynamic changes
and the contribution of these eight main PMFs to the diversity of the PCR-C at different
storage periods. A cluster heatmap of the bound and free PMFs were plotted, respectively.
As shown in Figure 1a, with the extended storage periods, the bound PMFs in PCR-C at
different storage periods were not clearly clustered, which indicated that the bound PMFs
were similar without significant differences during PCR-C aging. Then, a PCA score plot
showed a similar result (Figure 1b). In contrast, Figure 1c showed that the free PMFs in
PCR-C10 were clearly separated from those in other PCR-C (Fresh, PCR-C01, PCR-C03,
PCR-C05), indicating a remarkable difference in the free PMFs in the late storage period
(year 10) of PCR-C. In addition, Figure 1d showed that in terms of the free PMFs, PCR-C
fell into three clusters: Cluster 1 was fresh and PCR-C01; Cluster 2 included PCR-C03 and
PCR-C05; and Cluster 3 was PCR-C10. And as shown in Figure 1c, with the extended
PCR-C storage time, the contents of the free PMFs from Cluster 1 to Cluster 3 exhibited an
increasing trend. Thus, it could be concluded that the free PMFs in PCR-C varied with the
storage periods, and they mainly contributed to the difference and the formation of unique
quality of PCR-C during storage. The contents of the free PMFs had an increasing trend
with the extended storage periods of PCR-C. The above results demonstrated that the free
PMFs were markedly affected by the storage periods of PCR-C.
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Our results were consistent with one previous report that the contents of the 15 types
of flavonoid metabolites in PCR-C (year 0, 1, 2, 3, 4, and 29) were increased with the
extended storage periods [18]. In addition, the contents of the free phenolic acids in 3-year
PCR-C clearly differed from those at 1-year PCR-C [19]. When the whole phenolics profile
including phenolic acids and flavonoids are taken into consideration, the free fraction
showed a similarity and a slight variation between PCR06 and PCR13. On the contrary, the
bound fractions in PCR-C at the later stored period (year 13) were distinct from those in
the early time of PCR06, PCR03, and fresh [20]. These previous findings were not in line
with our study results, and the possible reason for such an inconsistency might be that we
mainly investigated the dynamic changes of PMFs rather than the entire phenolics profiles.

3.2. Screening of Important PMFs in PCR-C during Storage

The clustering analysis and PCA successfully divided the PCR-C in different storage
periods into three clusters in terms of the free PMFs. In order to screen the potential
chemical biomarkers that could distinguish the three clusters of PCR-C, the partial least
squares linear discriminant analysis (PLS-DA) was performed to establish the discrimina-
tory models [21]. One previous study has shown that Citrus reticulata “Chachi” and Citrus
reticulata Blanco samples could be separated from each other based on the GC-MS data
of volatile compounds by employing PCA, HCA, and orthogonal partial least-squares-
discrimination analysis (OPLS-DA), and seven potential chemical markers were identified
to be responsible for the special quality control of Citri reticulatae pericarpium (CRP) [22].
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Considering this, a PLS-DA regression model was established in the present study.
R2X, R2Y, and Q2 of the model were 1, 0.727, and 0.659, respectively, which showed that our
established model was good. As shown in Figure 2a, in terms of free PMFs, fresh was close
to PCR-C01; PCR-C03 was close to PCR-C05; and PCR-C10 was an independent cluster,
which was consistent with our PCA results. In the PLS-DA model, the variable importance
in the projection (VIP) value was a parameter to evaluate the contributions of the variables
to screening biomarkers. Generally, the variables were considered as differential biomarkers
when the VIP scores were higher than 1 (VIP > 1) [23]. In our study, the VIP scores of three
chemical components including 3,5,6,7,8,3′,4′-Heptamethoxyflavone (C6), Tangeretin (C7),
and Isosinensetin (C1) were greater than 1 (VIP > 1) (Figure 2b), which indicated that these
three compounds were important variables to discriminate the three clusters of PCR-C at
different storage periods, namely, they were the determinant PMFs for discriminating the
types of PCR-C at different storage periods. Our results were in line with the previous
findings that phenolic acids, flavonol glycosides, fatty acids, and alkyl glycosides were
identified as marker compounds by untargeted metabolomics analysis [24].
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3.3. PCR-CF Inhibits Cell Growth of A549

Our previous study has confirmed that the content of PMFs in PCR-C that was stored
for 10 years was higher than that in the PCR-C at early stored periods (fresh peel, 1, 3,
and 5 years), and that PCR-C10F had excellent antioxidant activity which was positively
correlated with nobiletin and 5,6,7,4′-tetramethoxyflavone [17]. Therefore, PMFs were the
main active components in PCR-C, and their accumulation might contribute greatly to the
efficacy of PCR-C during storage.

Since the free PMFs were the most influential factors discriminating the types of PCR-C
during storage, and they showed an increasing trend, we further purified the free PMFs in
PCR-C (PCR-CF) using HPD300 resin [17] to investigate their anticancer effect. Recently,
A549 cells, human alveolar epithelial cells, have been widely and universally applied to
investigate the anticancer effect of natural products in NSCLC [25–27]. Firstly, the mor-
phology changes of A549 cells that were treated with PCR-CF at different storage periods
were observed under the inverted phase-contrast microscopy. As shown in Figure 3a,
morphology change in A549 cells was observed after treatment with PCR-CF at different
storage periods at the dose of 200 µg/mL. With the extended storage periods, the A549 cell
number was decreasing and the cell displayed a shrunken shape and detached. In addition,
plasma membrane blebbing was observed when the cells were treated with PCR-C10F
(indicated by arrows). To determine whether PCR-CF at different storage periods exhib-
ited an anticancer effect against NSCLC and whether the anticancer effect was enhanced
with aging years, the cell viability of NSCLC cells (A549) was detected by an MTT assay.
As shown in Figure 3b, the results of the MTT assay indicated that 24-h treatment with
PCR-CF at different storage periods significantly inhibited the growth of A549 cells in a
dose-dependent manner and the cytotoxicity of cells that were treated with PCR-C10F was
higher than those that were treated with PCR-CF at early storage periods. Notably, the
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inhibition effect of PCR-C10F on cell proliferation was better than that of fresh-F, PCR-C01F,
PCR-C03F, and PCR-C05F at the IC50 values (half maximal inhibitory concentration) of
190.2 µM, 379.4 µM, 213.7 µM, 253.6 µM, and 208.2 µM, respectively (Table 1). Our results
were consistent with previous reports that citrus fruit-specific flavonoids nobiletin and
5-demethylnobiletin significantly inhibited the proliferation of human non-small cell lung
cancer cells [28]. The anti-proliferative effect of PCR-CF was similar to flavonoids that were
isolated from Korean Citrus aurantium L. with 230 µg/mL IC50 value [29,30]. In addition,
PCR-CF at different storage periods had no significant effect on the growth of MRC-5 cells
(Figure 3c), indicating that PCR-CF had an inhibitory effect on the growth of cancer cells
but a little effect on normal lung cells with no toxicity. These results demonstrated that
PCR-CF inhibited the growth of A549 cells in vitro and exhibited an enhanced inhibitory
effect when storage years was extended, which might explain why the long-term stored
PCR-C had high quality.
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Figure 3. Growth inhibition effect of PCR-CF during storage on A549 cells. (a) Morphological changes
of A549 cells that were treated with PCR-CF for 24 h under inverted phase-contrast microscopy (scale
bar = 100 µm). (b) Viability of A549 cells and (c) MRC-5 cells that were treated with PCR-CF at the
gradient concentrations (50, 100, 150, 200, 250, 300, and 350 µg/mL) for 24 h by MTT assay.

Table 1. The IC50 values of A549 cells that were treated with PCR-CF during storage.

IC50 Values (µg/mL)

Samples Fresh-F PCR-C01F PCR-C03F PCR-C05F PCR-C10F
A549 379.4 213.7 253.6 208.2 190.2

3.4. PCR-CF Induces Cell Cycle Arrest in A549 Cells

In order to determine whether PCR-CF inhibited cell growth via cell cycle arrest,
the effect of PCR-CF at different storage periods on cell cycle arrest of A549 cells was
investigated by flow cytometry with PI staining. As shown in Figure 4a, compared to the
control group, the PCR-CF treatment group exhibited a significant induction on cell cycle
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arrest at the G2/M phase, which agreed with the previous report that tangeretin induced
G2/M cell cycle arrest and apoptosis to suppress cell growth and to induce cell death in
glioma cells [31]. The cell number at the G2/M cell cycle arrest phase ranked in descending
order as follows: PCR-C10F > PCR-C05F > PCR-C03F > PCR-C01F > Fresh-F (Figure 4b).
Such a change trend demonstrated that the cell cycle arrest that was induced by PCR-CF
was enhanced during storage. The cell number at G2/M cell cycle arrest phase of PCR-C10F
and PCR-C05F treatment group was significantly higher than that of the other PCR-CF
treatment groups. In summary, PCR-CF inhibited cell growth by inducing G2/M phase cell
cycle arrest of A549 cells and exhibited an enhanced effect with storage periods extended.
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Figure 4. PCR-CF-induced G2/M phase cell cycle arrest in A549 cells. (a) The effect of PCR-CF
on cell cycle distribution of A549 cells. Fluorescence intensity of A549 cells with or without 24-h
PCR-CF (200 µg/mL) treatment by PI staining was measured by flow cytometry. (b) Percentage of
cells at G2/M phase of cell cycle. The data were expressed as the means ± SD of the triplicates
of each independent experiment. The different lowercase letters above the bars indicated a signif-
icant difference (p < 0.05) between the different groups through one-way ANOVA and Duncan’s
multiple comparisons.

3.5. PCR-CF Induces Apoptosis in A549 Cells

One previous study has revealed that the ethyl acetate extracts from sweet orange
peel exert an antiproliferative effect on human hepatoma cells through cell cycle arrest and
apoptosis induction [32]. In order to explore whether PCR-CF induced A549 cell apoptosis,
flow cytometry assay with Annexin V-FITC/PI double staining was conducted. As shown
in Figure 5a, compared to the control group, the PCR-CF treatment group exhibited a
significant induction of apoptosis. The percentage of apoptosis that was induced by PCR-
CF treatment ranked in descending order as follows: PCR-C10F > PCR-C05F > PCR-C03F >
Fresh-F > PCR-C01F (Figure 5b). Compared with the PCR-CF at early storage periods, PCR-
C10F significantly induced apoptosis of A549 cells, indicating higher apoptosis induction
of PCR-C10F.

Taken together, our results demonstrated that PCR-CF inhibited the cell growth by
inducing cell arrest at the G2/M phase and apoptosis of A549 cells in vitro, and there was
an enhanced inhibition trend with extended storage time, which could explain the high
quality of the long-term stored PCR-C.
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Figure 5. PCR-CF-induced apoptosis of A549 cells. (a) The effect of PCR-CF on apoptosis of A549
cells. The apoptosis rate of A549 cells with or without 24-h PCR-CF (200 µg/mL) treatment followed
by Annexin V-FITC/PI double staining was measured by flow cytometry. (b) The apoptosis rate of
A549 cells was calculated (early and late apoptosis). The data were expressed as the means ± SD
of the triplicates of each independent experiment. The different lowercase letters above the bars
indicated a significant difference (p < 0.05) between the different groups through one-way ANOVA
and Duncan’s multiple comparisons.

3.6. PCR-CF Induces ROS Accumulation in A549 Cells

The excessive accumulation of ROS leads to the suppression of cancer angiogenesis,
metastasis, and cancer cell survival [33]. Multiple chemotherapeutic agents have been
reported to induce cell apoptosis and cell death through ROS accumulation [34,35]. One
previous study has found that Kaempferol can inhibit the Nrf2 signaling pathway, thus
inducing ROS accumulation, eventually resulting in apoptosis [36]. In order to determine
whether ROS was involved in PCR-CF-induced apoptosis of A549 cells, ROS generation
in A549 cells was detected by flow cytometry with DCFH-DA staining. As shown in
Figure 6a,b, the level of ROS was increased with the extended storage periods, and the
level of ROS in the A549 cells that were treated with the PCR-C10F was significantly higher
than those that were treated with PCR-CF at early storage periods when A549 cells were
treated with 200 µg/mL PCR-CF for 24 h. The ROS accumulation in A549 cells might
be associated with PCR-CF-induced cytotoxicity. In conclusion, these results suggested
that ROS accumulation that was induced by the PCR-CF showed an increasing trend with
extended storage periods and might mediate the cell viability inhibition, cell cycle arrest,
and apoptotic induction in A549 cells.
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cells was measured by flow cytometry after A549 cells were exposed to 200 µg/mL PCR-CF for 24 h
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group. The data were expressed as the means ± SD of the triplicates of each independent experiment.
The different lowercase letters above the bars indicate a significant difference (p < 0.05) between the
different groups through one-way ANOVA and Duncan’s multiple comparisons.

3.7. Important PMFs Inhibit the Cell Growth and Induce Apoptosis of A549 Cells

Since isosinensetin, 3,5,6,7,8,3′,4′-heptamethoxyflavone, and tangeretin were the im-
portant factors influencing the quality of PCR-C during storage, and they exhibited an-
tioxidative [37,38], anti-inflammatory [39], neuroprotective [40,41], and anti-tumor [42–44]
bioactivities according to the previous studies, this study further evaluated their anticancer
effect against NSCLC (A549 cells) in vitro.

To validate whether the important PMFs had an anticancer effect against NSCLC,
the effect of PMFs on cell viability of NSCLC cells (A549) was detected by an MTT as-
say. The MTT assay results indicated that 24-h treatment with the important PMFs sig-
nificantly inhibited the growth of A549 cells in a dose-dependent manner (Figure 7a).
Notably, the inhibitory effect on cell growth of tangeretin was better than isosinensetin
and 3,5,6,7,8,3′,4′-heptamethoxyflavone at the IC50 of 118.5 µM, 197.6 µM, and 208.6 µM,
respectively (Table 2), indicating that they could inhibit A549 cell growth even at the low
concentration, and thus they had the good anticancer effect on A549 cells. In addition,
isosinensetin, 3,5,6,7,8,3′,4′-heptamethoxyflavone, and tangeretin had no significant effect
on the growth of MRC-5 cells (Figure 7b), indicating that the important PMFs had an
inhibitory effect on the growth of cancer cells but a little effect on normal lung cells with no
toxicity. Collectively, these results demonstrated that all the important PMFs could inhibit
the proliferation of A549 cells in vitro and had no cytotoxicity to normal lung MRC-5 cells.

Table 2. The IC50 values of A549 cells that were treated with the important PMFs.

IC50 Values (µM)

Samples Tangeretin Isosinensetin 3,5,6,7,8,3′,4′-Heptamethoxyflavone
A549 118.5 197.6 208.6
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concentrations (50, 100, 150, 200, 250, and 300 µM) for 24 h by MTT assay. The apoptosis induction
effect of tangeretin (c), 3,5,6,7,8,3′,4′-Heptamethoxyflavone (d), and Isosinensetin (e) in A549 cells
and the corresponding apoptosis rate of A549 cells (the early and late apoptosis). The apoptosis
rate of A549 cells with or without 24-h PMFs (50, 100, and 200 µM) treatment followed by Annexin
V-FITC/PI staining was measured by flow cytometry. (f) The apoptosis induction effect of PCR-C10F
and the major active flavonoid mixture (FM) with the equivalent amount of PMFs to PCR-C10F.
The data were expressed as the means ± SD of the triplicates of each independent experiment. The
different lowercase letters above the bars indicate a significant difference (p < 0.05) between the
different groups through one-way ANOVA and Duncan’s multiple comparisons.
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Further, flow cytometry assay with Annexin V-FITC/PI double staining was per-
formed to determine whether the important PMFs could induce apoptosis in A549 cells.
Compared to the control group, tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone signifi-
cantly induced apoptosis in a dose-dependent manner at the gradient concentrations of
50 µM, 100 µM, and 200 µM, and the apoptosis induction effect of tangeretin was better
than 3,5,6,7,8,3′,4′-heptamethoxyflavone. However, isosinensetin did not significantly in-
duce cell apoptosis (Figure 7c–e). In order to explore the contribution of isosinensetin to
the anticancer effect of PCR-CF during aging, an apoptosis assay was performed using the
equivalent amount of flavonoid mixture (FM1, 16.5 µM tangeretin, 2.2 µM isosinensetin,
and 1.7 µM 3,5,6,7,8,3′,4′-heptamethoxyflavone; FM2, 16.5 µM tangeretin and 1.7 µM
3,5,6,7,8,3′,4′-heptamethoxyflavone) corresponding to the important PMFs in 200 µg/mL
PCR-C10F. As shown in Figure 7f, the apoptosis effect of FM2 showed no difference from
the FM1 and PCR-C10F, implying that tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone
were the crucial active components to predict the anticancer effect of PCR-C during storage.

Taken together, our results demonstrated that tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone
could inhibit the cell growth and induce apoptosis in a dose-dependent manner in A549
cells. In spite of the low contents of these two PMFs in PCR-C, they showed strong
anticancer effect against NSCLC. Our results were consistent with the previous report that
tangeretin was the most crucial active ingredient in long-term stored citrus peel, and it
could inhibit cell proliferation, induce the cell cycle arrest and cell apoptosis so as to fight
against oral squamous cell carcinoma [45]. Based on these findings, we concluded that the
increasing content of the PMFs during storage might improve the quality of PCR-C, and
that the tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone might be the contributors to the
improvement of the efficacy and quality of long-term stored PCR-C, and thus they might
be crucial active indicators for predicting the anticancer effect of PCR-C during storage
against NSCLC.

3.8. Crucial Active PMFs Induces ROS Accumulation in A549

The increasing evidence indicated that ROS plays a pivotal role in mediating the
viability of cancer cells [40,41]. Our data showed that ROS accumulation induced by the
PCR-CF could inhibit the cell growth, induce cell cycle arrest and apoptosis in A549 cells.
Therefore, ROS generation that was induced by the crucial PMFs in A549 cells was detected
by flow cytometry with DCFH-DA staining. As shown in Figure 8a,b, the ROS level
was dramatically increased in a dose-dependent manner when A549 cells were treated
with tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone at the gradient concentrations
(50, 100, 200 µM) for 24 h. In conclusion, our results further confirmed that the crucial
PMFs induced ROS accumulation, thus possibly inhibiting the cell viability and inducing
apoptosis of A549 cells.
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Figure 8. Crucial active PMFs-induced ROS accumulation of A549 cells. ROS generation was de-
tected by flow cytometry after 24-h exposure to tangeretin (a) and 3,5,6,7,8,3′,4′-heptamethoxyflavone
(b) followed by DCFH-DA staining. The fluorescence intensity ratio of the treatment group to
the control group was calculated. The data were expressed as the means ± SD of the triplicates
of each independent experiment. The different lowercase letters above the bars indicate a signif-
icant difference (p < 0.05) between the different groups through one-way ANOVA and Duncan’s
multiple comparisons.

4. Conclusions

In this study, cluster analysis and PCA showed that the free PMFs in PCR-C during
storage fell into three clusters, namely, fresh and PCR-C01 (Cluster 1), PCR-C03, and
PCR-C05 (Cluster 2), and PCR-C10 (Cluster 3). The PLS-DA results showed that three
PMFs including 3,5,6,7,8,3′,4′-heptamethoxyflavone, tangeretin, and isosinensetin were
identified as the important PMFs that could distinguish types of PCR-C during storage.
Furthermore, our data showed that the anticancer effect against NSCLC of PCR-CF was
enhanced with the extension of storage periods, and that tangeretin and 3,5,6,7,8,3′,4′-
heptamethoxyflavone exhibited an anticancer effect on A549 cells, but isosinensetin failed
to induce the apoptosis of A549 cells. The apoptosis induction effect of FM2 showed no
difference from that of FM1 and PCR-C10F, indicating that tangeretin and 3,5,6,7,8,3′,4′-
heptamethoxyflavone collectively contributed to the anticancer effect of PCR-C. Our results
confirmed that tangeretin and 3,5,6,7,8,3′,4′-heptamethoxyflavone contributed to the high
quality of the long-term stored PCR-C, which provides a theoretical basis for scientific
utilization, rational storage, and quality control of PCR-C. However, the anticancer effect
of PCR-C needs further research on other NSCLC cell lines such as H1299 and H1975 and
in vivo study in the future.
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