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Abstract: Colorectal cancer is a malignancy with a high incidence. Currently, the drugs used in
chemotherapy are often accompanied by strong side effects. Natural secondary metabolites can
interfere with chemotherapeutic drugs and intensify their cytotoxic effects. This study aimed to profile
the secondary metabolites from the methanol extract of Scabiosa atropurpurea and investigate their
in vitro activities, alone or in combination with the chemotherapeutic agent doxorubicin. MTT assay
was used to determine the cytotoxic activities. Annexin-V/PI double-staining analysis was employed
to evaluate the apoptotic concentration. Multicaspase assay, quantitative reverse transcription
real-time PCR (RT-qPCR), and ABC transporter activities were also performed. LC-MS analysis
revealed 31 compounds including phenolic acids, flavonoids, and saponins. S. atropurpurea extract
intensified doxorubicin anti-proliferative effects against resistant tumor cells and enhanced the
cytotoxic effects towards Caco-2 cells after 48 h. The mRNA expression levels of Bax, caspase-3,
and p21 were increased significantly whereas Bcl-2 expression level was decreased. Furthermore,
the methanol extract reversed P-glycoprotein or multidrug resistance-associated protein in Caco-2
cells. In conclusion, S. atropurpurea improved chemosensitivity and modulated multidrug resistance
in Caco-2 cells which makes it a good candidate for further research in order to develop a new
potential cancer treatment.
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1. Introduction

Cancer is a world threat with nearly 9 million cancer-related deaths globally. Colorectal cancer
(CRC) is diagnosed as the third most common cancer worldwide and the fourth leading cause of death
related to malignancies. Globally, CRC is predicted to increase to 60% by 2030 [1]. This malignant
disease is multifactorial and affected by several risk factors such as genetic, environmental factors,
and lifestyle [2]. Chemotherapy is the most frequently applied therapy that demonstrated deleterious
effects including 0.2–8.7% of chronic heart failure and 4–36% of cardiomyopathy among the patients [3].
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During chemotherapy, drug resistance can be induced. Accordingly, higher doses are needed to achieve
similar efficacy which leads to stronger side effects [4]. Drug combinations can be used as a way to
synergistically potentiate the chemotherapeutic efficacy [5]. Generally, combining multiple drugs
allows for the use of lower doses of conventional chemotherapeutical drugs, which may lead to the
same or even higher efficacy due to synergism and lower resistance [5,6].

Plants and their diverse secondary metabolites, among them polyphenols, are an interesting source
for the study and development of drugs to treat cancer [7]. The honeysuckle family, Caprifoliaceae,
contains 42 genera, among them the genus Scabiosa [8]. Scabiosa atropurpurea has been demonstrated
as a valuable source of pharmaceutical and health-promoting properties because of its antioxidant,
hepatoprotective, and hypoglycemic activities. Chlorogenic acid methyl ester, luteolin, and luteolin
7-O-glucoside have been isolated from the total ethanol extract of aerial parts [9], whereby luteolin and
chlorogenic acid were reported to show anticancer activity [10,11].

Despite the existence of several and valuable biological data about S. atropurpurea properties,
the chemical constituents of its methanol extract remain uncharacterized. Furthermore, the full
anticancer potential of the extract has not yet been exhaustively investigated. In the present study,
we profiled the phytoconstituents of the methanol leaf extract utilizing LC-MS/MS. We determined its
anticancer activities alone and as doxorubicin adjuvant in vitro against Caco-2 cells, resistant colorectal
cancer cells. Additionally, the ability of the extract to modulate multidrug resistance-associated protein
1 (MRP1) and P-glycoprotein (P-gp, MDR1, or ABCB1) was explored.

2. Results

2.1. LC-MS Analysis of Scabiosa atropurpurea Leaves

HPLC-MS/MS in the negative mode (ESI (−)) was used to characterize the secondary metabolites
of the methanol leaf extract from S. atropurpurea. We tentatively identified 31 compounds based
on their molecular weights and fragmentation pattern according to the literature, in-house library,
and authentic references. The compounds belong to several classes: phenolic acids, flavonoids,
and saponins. The LC-MS profile of the leaf extract is shown in Figure 1 and the chemical composition
is presented in Table 1.
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Table 1. Polyphenolics in a methanol extract of S. atropurpurea leaves.

No. Rt M − H MS/MS Tentatively Identified Compound

1 1.43 191 127, 173 Quinic acid a

2 7.71 315 153 Protocatechuic acid 3-glucoside a

3 10.35 325 119, 163 p-Coumaric acid 3-glucoside a

4 11.28 353 179, 191 Neochlorogenic acid
5 12.46 353 179, 191 Cryptochlorogenic acid
6 13.53 353 179, 191 Chlorogenic acid a,b

7 14.28 373 149, 193 Ferrulic acid derivative
8 15.82 625 301, 463 Quercetin diglucoside
9 16.07 337 119, 163, 191 p-Coumeroylquinic acid a

10 17.12 609 285, 327, 447 Luteolin-7,3-diglucoside a

11 17.52 625 179, 255, 301, 463 Quercetin 3,4’-diglucoside a

12 17.62 367 127, 173, 191 3-O-Caffeoylquinic acid methyl ester
13 19.16 609 285, 327, 447 Luteolin-7,3’-diglucoside a

14 22.95 515 353 3,4-Dicaffeoylquinic acid
15 23.35 579 285, 447 Luteolin-pentosyl-glucoside
16 23.89 579 285, 447 Luteolin-pentosyl-glucoside
17 24.43 515 179, 353 3,5-Dicaffeoylquinic acid
18 25.05 593 285, 447 Luteolin 7-rutinoside a

19 25.71 447 285 Luteolin 7-O-β-d-glucoside b

20 26.88 447 179, 285 Luteolin 3’-glucoside b

21 27.79 593 299 Diosmetin pentosyl-glucoside
22 28.12 745 583 Cantleyoside
23 28.60 431 269 Apigenin 7-glucoside a

24 30.28 461 299 Diosmetin-7-O-glucoside
25 33.18 489 285, 447 Luteolin acetylglucoside
26 35.22 285 151 Luteolin b

27 38.48 911 471, 603, 749 Maslinic acid-pentosyl-rhamnosyl-glucoside
28 41.24 1351 455, 587, 733, 865, 1027 Oleanolic acid-pentosyl-rhamnosyl-pentosyl-glucosyl-di-glucoside
29 41.70 1381 455, 587, 733, 895, 1057 Oleanolic acid-pentosyl-rhamnosyl-glucosyl-glucosyl-di-glucoside
30 46.15 537 375 Loganic acid glucoside
31 49.11 537 375 Loganic acid galactoside

a Identified based on reference compounds. b Isolated from the plant.

Several compounds showed a molecular ion peak at [M − H]− m/z 353 and a daughter fragment
at m/z 191; they were identified as chlorogenic acids, their retention times and fragmentation pattern
are documented in Table 1. Furthermore, two peaks showed a molecular ion peak at [M − H]−

m/z 515, and a main daughter ion at m/z 353; they were identified as 3,4-dicaffeoylquinic acid (14)
and 3,5-dicaffeoylquinic acid (17), respectively, and their retention times are reported in Table 1.
Additionally, 3-O-caffeoylquinic acid methyl ester was detected at a retention time 17.62 min with a
[M − H]− 367, and a main precursor at m/z 191, as previously described from the same plant species
from the Egyptian flora [9].

Quinic acid with an [M −H]− m/z 191, protocatechuic acid 3-glucoside with an [M −H]− m/z at
315 and a main fragment at m/z 153 [M −H − 162], p-coumaric acid 3-glucoside with [M – H]− m/z at
325 and a precursor at m/z 163 [M − H − 162, glucose moiety] were also detected and identified as
previously described [12].

Luteolin 7-O-β-d-glucoside, luteolin 3’-glucoside, luteolin, and chlorogenic acid were isolated
from the plant in the current study and were identified based on their LC-MS and NMR data
(data are not shown). Three saponins were also annotated based on their molecular weights
and mass fragmentation. A compound showed an [M − H]− m/z at 911 and several fragments
at 794 [M – H − 162], 603 [M − H − 162 − 146], and 471 [M − H − 162 − 146 − 132]; it was
tentatively assigned to maslinic acid-pentosyl-rhamnosyl-glucoside; its spectrum is shown in Figure 2.
Another compound showed a molecular ion peak at 1351 and fragments ions at 1027 [M −H − 324],
865 [M − H − 324 − 162], 733 [M −H − 324 − 162 − 146], 587 [M −H − 324 − 162 − 146 − 132]; it was
tentatively identified as oleanolic acid-pentosyl-rhamnosyl-pentosyl-glucosyl-di-glucoside. Oleanolic
acid-pentosyl-rhamnosyl-glucosyl-glucosyl-di-glucoside was also characterized based on its M −H
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m/z 1381 and subsequent loss of di-glucoside at m/z 1057 [M − H − 324], m/z 895 [M − H − 324 −
162], m/z 733 [M − H − 324 − 162 − 162], m/z 587 [M − H − 324 − 162 − 162 − 132]. Two precursors
showed M − H m/z at 537 and fragment ion at m/z 375; these were assigned to loganic acid glucoside,
their retention times are documented in Table 1.
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2.2. S. atropurpurea Enhances Dox Cytotoxicity against Caco-2 MDR Colorectal Cancer

We evaluated the cytotoxicity of doxorubicin (Dox) in the heterogeneous human epithelial
colorectal adenocarcinoma Caco-2 cell line 48 h after drug treatment using the viability assay MTT.
Then, we tested the combination of Dox with fixed concentrations of the methanol extract of S.
atropurpurea (ME) at the concentrations corresponding to the IC10, IC20 and IC30 doses. We observed
stronger cytotoxicity with a significant decrease in IC50 when using a Dox-ME combination as compared
to Dox alone (Figure 3a). The IC50 value when Caco-2 cells were treated with Dox alone is 2.41 µg/mL.
The addition of ME (IC10) decreased the IC50 value to 1.04 µg/mL by 2.31-fold. The combinations of
Dox with either IC20 or IC30 of ME gave almost the same effect as with IC10 of ME (Figure 3a).

Synergistic combinations were obtained with Dox and IC10 or IC20 or IC30 of ME. The combination
with IC10 of ME and doxorubicin showed the strongest synergic effect and greater fractional inhibition
(Fa) values (Figure 3b) and higher reduction index (DRI) (Figure 3c) suggesting that ME (IC10) is an
effective dose that increases the therapeutic effect of doxorubicin against Caco-2 cells. We calculated
the mean of the combination index (CI) from data points according to the Chou-Talalay method [13].
Drug combinations were chosen as the Fa > 0.5, indicating more than 50% growth inhibition, which is
relevant for anticancer agents to therapy; all combinations with Fa < 0.5 were excluded.
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against Caco-2 cells for 48 h. (a) IC50 was analyzed by MTT assay **** p < 0.0001 compared to the
untreated DMSO control by one-way ANOVA. (b) The combination index (CI) and (DRI) plots were
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Dox combinations. CI values indicate additive (CI = 1), synergistic (CI < 1), and antagonistic (CI > 1)
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2.3. Apoptotic Effect of ME and Dox against Caco-2 cells

We analyzed the apoptotic potential in the Caco-2 cell line with Annexin V/PI assay of ME (IC50) or
Dox (IC50) or ME (IC10) combined Dox (IC50). The results showed a stronger apoptotic effect compared
to Dox alone, which confirm data predicted by the combination assay (Figure 4).
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Figure 4. Apoptosis induction in Caco-2 cells. FACS histograms (a) and quantitative analysis of early
and late apoptosis (b). Cell populations were stained with Annexin V/PI (the lower left quadrant
demonstrates viable cells, upper left quadrant shows early apoptotic, the upper right quadrant
represents late apoptotic and the lower right quadrant shows necrotic cells populations). Cells were
treated for 48 h with Dox (IC50) or ME (IC50) or with the combination of ME (IC10) and Dox (IC50).
Data represent the mean ± standard deviation of the mean of 3 independent experiments; ns (not
significant), **** p < 0.0001 compared to the untreated DMSO control by one-way ANOVA.
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2.4. Multicaspase Assay

We used a Muse™multicaspase (Millipore Merck, Vimodrone MI, Italy) assay kit to get an insight
into the apoptosis mechanism of action. Initiator and executioner caspase activation (caspase-1, 3, 4,
5, 6, 7, 8, and 9) was evaluated. Data indicated that ME (IC50) or Dox (IC50) or ME (IC10) combined
Dox (IC50) were able to increase activated caspases in Caco-2 cells after 24 h (Figure 5). Dox or ME or
combined treatments on Caco-2 cells significantly increased the percentage of caspase-activated cells,
whereby the percentages of cells were 2.53-, 2.35- and 3.17-fold higher than the corresponding vehicle
DMSO control, respectively.

Molecules 2020, 25, x FOR PEER REVIEW 6 of 13 

 

represent the mean ± standard deviation of the mean of 3 independent experiments; ns (not 
significant), **** p < 0.0001 compared to the untreated DMSO control by one-way ANOVA. 

2.4. Multicaspase Assay 

We used a Muse™ multicaspase (Millipore Merck, Vimodrone MI, Italy) assay kit to get an 
insight into the apoptosis mechanism of action. Initiator and executioner caspase activation (caspase-
1, 3, 4, 5, 6, 7, 8, and 9) was evaluated. Data indicated that ME (IC50) or Dox (IC50) or ME (IC10) 
combined Dox (IC50) were able to increase activated caspases in Caco-2 cells after 24 h (Figure 5). Dox 
or ME or combined treatments on Caco-2 cells significantly increased the percentage of caspase-
activated cells, whereby the percentages of cells were 2.53-, 2.35- and 3.17-fold higher than the 
corresponding vehicle DMSO control, respectively. 

 
Figure 5. Activation assays of Multicaspase enzyme. (a) The plots illustrate the effect induced by the 
treatment with Dox (IC50) or ME (IC50) or ME (IC10) combined Dox (IC50) in the Caco-2 cell line after 
24h. Each plot is a representative determination figure of the three replicates. (b) The bar charts depict 
the percentage of live cells and multicaspase enzyme activation. Data represent the mean ± standard 
deviation of the mean of 3 independent experiments; ns (not significant), **** p < 0.0001 compared to 
the untreated DMSO control by one-way ANOVA. 

2.5. Quantitative Real Time PCR (qPCR) for Bax, Bcl-2, Casp-3 and p21 Expression in Caco-2 Cells 

We confirmed, based on the previous results, that ME in combination with Dox increased 
cytotoxicity against Caco-2 cells by inducing apoptosis. To characterize the corresponding signaling 
pathways, we studied the ratios of pro-apoptotic and antiapoptotic gene changes in mRNA 
expression levels of Bax and Bcl-2 families. As shown in Figure 6, ME combined with Dox resulted in 
a stronger down-regulation of the expression of the antiapoptotic gene Bcl-2 in Caco-2 cells, with a 
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Figure 5. Activation assays of Multicaspase enzyme. (a) The plots illustrate the effect induced by the
treatment with Dox (IC50) or ME (IC50) or ME (IC10) combined Dox (IC50) in the Caco-2 cell line after
24h. Each plot is a representative determination figure of the three replicates. (b) The bar charts depict
the percentage of live cells and multicaspase enzyme activation. Data represent the mean ± standard
deviation of the mean of 3 independent experiments; ns (not significant), **** p < 0.0001 compared to
the untreated DMSO control by one-way ANOVA.

2.5. Quantitative Real Time PCR (qPCR) for Bax, Bcl-2, Casp-3 and p21 Expression in Caco-2 Cells

We confirmed, based on the previous results, that ME in combination with Dox increased
cytotoxicity against Caco-2 cells by inducing apoptosis. To characterize the corresponding signaling
pathways, we studied the ratios of pro-apoptotic and antiapoptotic gene changes in mRNA expression
levels of Bax and Bcl-2 families. As shown in Figure 6, ME combined with Dox resulted in a stronger
down-regulation of the expression of the antiapoptotic gene Bcl-2 in Caco-2 cells, with a significant
decrease after 48 h treatment. mRNA expression levels were calculated based on the calibration
curve for the expression level of β-actin. Furthermore, the treatment with ME or Dox alone or their
combination demonstrated an increase in proapoptotic gene Bax expression in Caco-2 cells. The analysis
showed that the expression levels of caspase-3 (Casp-3) increased by ten-fold in cells treated with the
combination drugs in a significant manner compared with untreated control (from 1 to 10.31 ± 0.64-fold
change) (Figure 6). Besides, it appears that the mRNA level of p21 was upregulated after treatment
with ME alone and when combined with Dox (Figure 6).
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2.6. ME Inhibited ABC Transporter Activity

To gain an insight into the possible modulation of ABC-transporter activity in Caco-2 cells after
ME treatment, we used both substrates for MDR1 and MRP1 for multidrug resistance inhibition assay.
Rhodamine123 (Rho123), calcein-AM and doxorubicin are accumulated intracellularly when the ABC
transporters are inhibited. We evaluated the effect of ME (IC50) on ABC transporter activity in Caco-2
cells as demonstrated in Figure 7. We found that after ME treatment the accumulation of Rho123,
calcein-AM and doxorubicin in Caco-2 cells was increased significantly; the results of flow cytometry
presented above showed that ME affects P-gp and MRP1 activities compared to DMSO control (<0.1%).
The fluorescence intensities of Rho 123, doxorubicin and calcein-AM were shifted to the right after
ME treatment.
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Rho123, calcein-AM and doxorubicin in Caco-2 cells was increased significantly; the results of flow 
cytometry presented above showed that ME affects p-gp and MRP1 activities compared to DMSO 
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data are illustrated as a representative measurement of the accumulation (on the right column of the 

Figure 7. Cellular uptake of Rho123 and calcein by Caco-2 cells after treatment with ME (IC50) for 2 h;
data are illustrated as a representative measurement of the accumulation (on the right column of the
figure), and the histograms of the average of fluorescence intensity (left column) of Rho123 (a), calcein
(b) and doxorubicin (c); cells treated with 0.1% DMSO were used as a negative control. The values are
reported as an average of measurements mean ± standard deviation of approximately 10,000 cells in
each triplicate tested sample. * p < 0.05; ** p < 0.01 compared to the negative control.
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3. Discussion

Medicinal plants have the potential to be used as adjuvants to chemotherapy thanks to their proven
efficacy and protective action against the induced chemo-damages [14,15]. Previous studies have
demonstrated that the genus, Scabiosa, exhibited differential cytotoxic effects on cancer cell lines [16].
In the current study, the chemical composition of the extract revealed 31 secondary metabolites
including phenolic acids, flavonoids, and saponins. The extract exhibited anticancer activities alone
and in combination with the cytotoxic drug, doxorubicin.

In order to evaluate this anti-cancer mechanism of action, we tested ME in resistant colon cancer cell
lines. ME (IC10) combined with Dox resulted in lower IC50 in comparison to Dox alone. These results
suggest that ME may be a potential adjuvant and could be involved in cell death. We demonstrated that
ME induced early and total apoptosis in Caco-2 cells and also showed that a non-toxic concentration
of ME induced the highest level of programmed cell death when combined with Dox. These results
confirmed that Caco-2 cells are more sensitive to the combination of conventional chemo-drugs with
phytocompounds [17].

Cell apoptosis represents an energy-dependent process of programmed cellular death. DNA
fragmentation, cell shrinkage and chromatin condensation are associated with this mechanism [18,19].
Apoptosis is mediated via two main pathways by intracellular and extracellular signals which include
the two pathways of mitochondrial apoptosis and death receptor-mediated [20,21]. We determined
the apoptosis pathway of ME alone or as adjuvant by total caspases activities. ME increased caspase
activities by 50% and 30%, respectively. In a previous study, caspase dependence has been observed
for luteolin, a major secondary metabolite isolated from the plant [22].

In the same way, the induction of apoptosis by natural compounds may have been orchestrated
by mediating proteins such as Bax and Bcl-2 and caspase-3, as well as by the processes of cell cycle
arrest [23]. We have also shown that the cell apoptosis induction is occurring in response to various
stress conditions and it includes the regulation of the p21 gene, which is one of the major tumor
suppressor p53 targets, a dependent p21 nuclear translocation that could promote cell survival and
inhibits CDK2 preventing cell cycle progression [24]. In this study, we demonstrated a decrease in Bcl2
expression and an increase in Bax, caspase-3 and p21. These results could be attributed to single or
combined activities of various active polyphenols identified in the methanol extract of S. atropurpurea,
such as chlorogenic acid, which improved the mediated cell death when combined with Dox in solid
Ehrlich carcinoma (SEC) model in mice. Chlorogenic acid alone or with Dox regulated the expressions
of TRAIL/TRAILR2, caspase-3, FasL/Fas and Bcl-2 [25].

Additionally, the antitumor agents of chemotherapy are compromised by several mechanisms,
such as ATP-binding cassette (ABC) transporters, which efflux chemotherapeutical drugs out of cells.
The hydrophobic drug export used the energy of ATP binding across the cell membrane and limited
the concentration of the intracellular drug. As previously described, P-gp and MRP were modulated by
plant extract. Particularly, Dox or combinations of plant extracts examined the intracellular retention
of the ABC transporter substrates then explored the changes in the expression genes of ABCB1 and
ABCC1 [7]. The cooperation of different compounds was sufficient to improve the activities and to
lead to a better impact than the separate potentials, by resulting in a synergistic effect. This strategy
has evolved by nature to obtain better efficacy at lower energetic costs [26]. In this regard, the potent
effects of ME could be correlated to the synergistic effect of some of the identified compounds.

4. Materials and Methods

4.1. Plant Material

S. atropurourea L. subsp. maritima (L.) Arc leaves were collected from Sidi Alouane, Mahdia,
Tunisia during the spring season in May 2018. The plant identity was kindly confirmed by Prof.
Fethia Skhiri (ISBM, Monastir, Tunisia). A voucher specimen (CP# 1783) is kept at the Department of
Pharmacognosy, Faculty of Pharmacy, Monastir University.
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4.2. Extraction

The shade dried leaves of S. atropurpurea (200 g) were ground into fine powder by an electric mill
and extracted twice with methanol (2 × 1 L) with occasional shaking at room temperature for three
days. The combined extracts were filtered and concentrated at 40 ◦C to yield 56 g of the crude extract
(yield: 28% w/w). The resulting extract was defatted with hexane, frozen, and lyophilized yielding a
fine powder (31 g) then stored at −20 ◦C for chemical and biological investigations. In each of our
assays, we dissolved ME and Dox in DMSO (100%) then the solutions were diluted in a complete
medium. The treatments were achieved at final volume of DMSO (0.1%).

4.3. Phytochemical Analysis

LC-MS/MS analysis was performed on a Thermo Finnigan LCQ Advantage ion trap mass
spectrometer with an ESI source coupled to a Thermo Scientific Accela HPLC system (MS pump
plus, autosampler, and PDA detector plus) with an EC 150/2 Nucleodur 100-3 C18ec column
(Macherey-Nagel). A gradient of water and acetonitrile (ACN) was applied from 5% to 30% ACN in
60 min. The flow rate was 0.3 mL/min. The MS was operated in the negative mode with a capillary
voltage of 10 V, source temperature of 240 ◦C, and high purity nitrogen as a sheath and auxiliary gas at
a flow rate of 70 and 10 (arbitrary units), respectively. Data acquisitions were executed by XcaliburTM

2.0.7 software (Thermo Scientific). The ions were detected in a mass range of 50–2000 m/z.

4.4. MTT Assay

Caco-2 cells were maintained in DMEM supplemented with heat-inactivated fetal bovine (FBS)
10% (v/v), penicillin (100 U/mL), streptomycin (100 µg/mL), l-glutamine (2 mM), non-essential amino
acids (NEAA) 1% (v/v) and sodium pyruvate (1 mM). The cytotoxic effects were performed using
MTT assay. ME and Dox were tested at different concentrations ranging from 0 to 500 µg/mL and
0 to 50 µg /mL, respectively. Briefly, Caco-2 cells were plated at a density of 5 × 103 cells/well were
cultured in 96-well plates for 48 h. After incubation, MTT (0.5 mg/mL) was added then incubated for
4 h. The absorbance was determined at 570 nm using Eliza Plate Reader. IC50 values were calculated
with GraphPad Prism 6.01 software (GraphPad Software Inc., La Jolla, CA, USA).

4.5. Drug Combination Assays

Drug combinations against Caco-2 cells were evaluated using three non-toxic concentrations (IC10,
IC20, and IC30) of ME combined with Dox (IC50). Cells were incubated briefly into 96-well plates, MTT
assay was carried as mentioned above. We assessed the effect of drug interactions (additive, synergistic
or antagonist) using the method of CI, DRI, and Fa as described by the Chou method [13,27].

4.6. Annexin-V/PI Double-Staining Analysis of Apoptotic Cells

Caco-2 cells (1 × 106 cells/mL) were treated for 48 h with ME (IC10) and Dox (IC50). Annexin-V/PI
(25 ng/mL) (Roche Diagnostics GmbH, Mannheim, Germany) was then added. Next, propidium
iodide (PI) (50 ng/mL) was added to the mixture. We evaluated cell status with a FAC Scan flow
cytometer (Becton Dickinson, Heidelberg, Germany) and calculated data using Cell QuestTM Pro
software (Becton Dickinson).

4.7. Multicaspase Assay

Caco-2 cells (1 × 106 cells/well/ 2 mL culture media) were seeded at 37 ◦C in a 6-well plate,
when cells reached 70% of confluence, we treated them with Dox (IC50) or ME (IC50) or ME (IC10)
combined Dox (IC50) for 24 h. A Muse™multicaspase assay kit (Millipore Merck, Vimodrone MI, Italy)
was used for the detection of multiple caspase activation (Caspase-1, 3, 4, 5, 6, 7, 8 and 9), following the
manufacturer’s instruction. Then, the percentage of cells with multicaspase activity was examined
using a Muse™ cell analyzer (Millipore Merck, Vimodrone MI, Italy).
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4.8. Quantitative Reverse Transcription Real-Time PCR (RT-qPCR)

Caco-2 cells were treated with ME and Dox at different concentrations to examine the
mRNA expressions. RNA extraction was performed with RNeasy Midi Kit (Qiagen, Hilden,
Germany) and RT-qPCR was performed as recommended by Lightcycler 96 manufacturer
protocol (Roche, Germany) with a PCR master mix with SYBR Green I fluorescence (qPCRBIO
SyGreen Mix Lo-Rox, Nippon Genetics, Germany) as described by Su et al. [28], and by
using the following gene-specific primers obtained from Eurofins (Germany): Bax sense
(5′-GTCGCCCTTTTCTACTTTGC-3′), Bax antisense (5′-GGAGGAAGTCCAATGTCCAG-3′), Bcl-2
sense (5′-GGATTGTGGCCTTCTTTGAG-3′), Bcl-2 antisense (5′-GCCGGTTCAGGTACTCAGTC-3′);
p21 sense (5′-GACTCTCAGGGTCGAAAACG-3′) and p21 antisense (5′-GGATTAGGGCTTCC
TCTTGG-3′), Caspase 3 sense (5′-GAGCTTGGAACGCGAAGAAA-3′), Caspase 3 antisense (5′-TAA
CCGGGTGCGGTAGAGTA-3′), β-actin sense (5′-CGCCCCAGGCACCAGGGC-3′), β-actin antisense
(5′-GCTGGGGTGTTGAAGGT-3′). We normalized the relative expression levels to the transcription
level of the housekeeping β-actin gene. Finally, we used the Software LightCycler 3 Version 3.5.28
(Roche Applied Science; Mannheim, Germany) for data analysis. Data were represented as fold change
with respect to untreated cells (0.1% DMSO) and fold change represented in log 10 scale.

4.9. ABC Transporter Activity

The colorectal cancer cell line, Caco-2 cells, functionally expresses P-gp and MRP1. ABC transporter
activities were examined using rhodamine 123 (Rho123), calcein-AM (CAM) and Dox using flow
cytometry as previously described [29]. Briefly, Caco-2 cells were seeded at 1 × 105 cells/well in 6-well
plates. Then, Caco-2 cells were incubated with 2 µM of CAM or 10 µg/mL Rho123 or 2.41 µg/mL Dox
for 2 h, followed by 2 h with the test sample ME (IC50). The fluorescence intensity of the treated cells
with ME was compared to the untreated cells.

4.10. Statistical Analysis

We performed all assays three times as stated in the procedure. All data are represented as mean
± standard deviation. Graphs were drawn using GraphPad Prism 6.01 software (GraphPad Software
Inc., La Jolla, CA, USA). One-way analysis of variance was used to evaluate sets of data differences.
A p-value of less than 0.05 was considered significant.

5. Conclusions

LC-MS/MS profiling of the methanol extract of S. atropurpurea revealed three basic classes of
compound phenolic acids, flavonoids and saponins among 31 secondary metabolites. The extract
exhibited promising anticancer activities in vitro, both alone and in combination with doxorubicin.
Cell proliferation was significantly suppressed. The apoptotic cell rate increased when we combined
the extract with doxorubicin. In conclusion, S. atropurpurea has the potential to be a multidrug resistance
modulator candidate. It may be an attractive alternative to chemosensitize the doxorubicin effect
by enhancing its efficacy in colorectal cancer cells. The pharmacological features of S. atropurpurea
as adjuvant needs to be investigated in a more detailed study. It would be interesting to exploit the
synergistic effect of the compounds from S. atropurpurea to avoid possible adverse side effects and to
achieve better outcomes of anticancer treatment.

Author Contributions: I.B.T., M.S., B.B. and A.D. performed the experiments. I.B.T., C.R., and M.P. analyzed the
data. I.B.T. wrote the paper. I.B.T. and L.C.G. designed the experiments and M.W., L.C.G., M.S. and C.R. revised
the draft. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Tunisian Ministry of Higher Education, and the APC was supported
by grants from the Italian Ministry of Health (RC-2020) to C.R.

Conflicts of Interest: The authors declare that they have no competing interests.



Molecules 2020, 25, 5265 11 of 12

References

1. Ferlay, J.; Steliarova-Foucher, E.; Lortet-Tieulent, J.; Rosso, S.; Coebergh, J.W.W.; Comber, H.; Forman, D.;
Bray, F. Cancer incidence and mortality patterns in Europe: Estimates for 40 countries in 2012. Eur. J. Cancer
2013, 49, 1374–1403. [CrossRef] [PubMed]

2. Brenner, H.; Kloor, M.; Pox, C.P. Colorectal cancer. Lancet 2014, 383, 1490–1502. [CrossRef]
3. Lin, S.-R.; Chang, C.-H.; Hsu, C.-F.; Tsai, M.-J.; Cheng, H.; Leong, M.K.; Sung, P.-J.; Chen, J.-C.; Weng, C.-F.

Natural compounds as potential adjuvants to cancer therapy: Preclinical evidence. Br. J. Pharmacol. 2020,
177, 1409–1423. [CrossRef] [PubMed]

4. Senapati, S.; Mahanta, A.K.; Kumar, S.; Maiti, P. Controlled drug delivery vehicles for cancer treatment and
their performance. Signal Transduct. Target. Ther. 2018, 3, 1–19. [CrossRef]

5. Glasgow, M.D.K.; Chougule, M.B. Recent developments in active tumor targeted multifunctional
nanoparticles for combination chemotherapy in cancer treatment and imaging. J. Biomed. Nanotechnol. 2015,
11, 1859–1898. [CrossRef]

6. Liboiron, B.D.; Mayer, L.D. Nanoscale particulate systems for multidrug delivery: Towards improved
combination chemotherapy. Ther. Deliv. 2014, 5, 149–171. [CrossRef]

7. Zhou, J.-X.; Wink, M. Reversal of multidrug resistance in human colon cancer and human leukemia cells by
three plant extracts and their major secondary metabolites. Medicines 2018, 5, 123. [CrossRef]

8. Pinto, D.C.G.A.; Rahmouni, N.; Beghidja, N.; Silva, A.M.S. Scabiosa Genus: A Rich Source of Bioactive
Metabolites. Medicines 2018, 5, 110. [CrossRef]

9. Elhawary, S.; Eltantawy, M.; Sleem, A.A.; Abdallah, H.; Mohamed, N.M. Investigation of phenolic content
and biological activities of Scabiosa atropurpurea L.. World Appl. Sci. J. 2011, 15, 311–317.

10. El Gueder, D.; Maatouk, M.; Kalboussi, Z.; Daouefi, Z.; Chaaban, H.; Ioannou, I.; Ghedira, K.; Ghedira, L.C.;
Luis, J. Heat processing effect of luteolin on anti-metastasis activity of human glioblastoma cells U87.
Environ. Sci. Pollut. Res. Int. 2018, 25, 36545–36554. [CrossRef]

11. Hernandes, L.C.; Machado, A.R.T.; Tuttis, K.; Ribeiro, D.L.; Aissa, A.F.; Dévoz, P.P.; Antunes, L.M.G. Caffeic
acid and chlorogenic acid cytotoxicity, genotoxicity and impact on global DNA methylation in human
leukemic cell lines. Genet. Mol. Biol. 2020, 43, e20190347. [CrossRef] [PubMed]

12. Ghareeb, M.A.; Sobeh, M.; Rezq, S.; El-Shazly, A.M.; Mahmoud, M.F.; Wink, M. HPLC-ESI-MS/MS profiling of
polyphenolics of a leaf extract from Alpinia zerumbet (Zingiberaceae) and its anti-inflammatory, anti-nociceptive,
and antipyretic activities in vivo. Molecules 2018, 23, 3238. [CrossRef] [PubMed]

13. Chou, T.-C. Drug combination studies and their synergy quantification using the Chou-Talalay method.
Cancer Res. 2010, 70, 440–446. [CrossRef] [PubMed]

14. Sioud, F.; Amor, S.; Toumia, I.B.; Lahmar, A.; Aires, V.; Chekir-Ghedira, L.; Delmas, D. A New Highlight of
Ephedra alata Decne Properties as Potential Adjuvant in Combination with Cisplatin to Induce Cell Death of
4T1 Breast Cancer Cells In Vitro and In Vivo. Cells 2020, 9, 362. [CrossRef] [PubMed]

15. Sioud, F.; Ben Toumia, I.; Lahmer, A.; Khlifi, R.; Dhaouefi, Z.; Maatouk, M.; Ghedira, K.; Chekir-Ghedira, L.
Methanolic extract of Ephedra alata ameliorates cisplatin-induced nephrotoxicity and hepatotoxicity through
reducing oxidative stress and genotoxicity. Environ. Sci. Pollut. Res. Int. 2020, 27, 12792–12801. [CrossRef]

16. Lehbili, M.; Alabdul Magid, A.; Hubert, J.; Kabouche, A.; Voutquenne-Nazabadioko, L.; Renault, J.-H.;
Nuzillard, J.-M.; Morjani, H.; Abedini, A.; Gangloff, S.C.; et al. Two new bis-iridoids isolated from Scabiosa
stellata and their antibacterial, antioxidant, anti-tyrosinase and cytotoxic activities. Fitoterapia 2018, 125,
41–48. [CrossRef]

17. Eid, S.Y.; El-Readi, M.Z.; Wink, M. Synergism of three-drug combinations of sanguinarine and other plant
secondary metabolites with digitonin and doxorubicin in multi-drug resistant cancer cells. Phytomedicine
2012, 19, 1288–1297. [CrossRef]

18. Nakagawa, S.; Shiraishi, T.; Kihara, S.; Tabuchi, K. Detection of DNA strand breaks associated with apoptosis
in human brain tumors. Virchows Arch. 1995, 427, 175–179. [CrossRef]

19. Joselin, A.P.; Schulze-Osthoff, K.; Schwerk, C. Loss of Acinus inhibits oligonucleosomal DNA fragmentation
but not chromatin condensation during apoptosis. J. Biol. Chem. 2006, 281, 12475–12484. [CrossRef]

20. Shi, H.; Kwok, R.T.K.; Liu, J.; Xing, B.; Tang, B.Z.; Liu, B. Real-time monitoring of cell apoptosis and
drug screening using fluorescent light-up probe with aggregation-induced emission characteristics. J. Am.
Chem. Soc. 2012, 134, 17972–17981. [CrossRef]

http://dx.doi.org/10.1016/j.ejca.2012.12.027
http://www.ncbi.nlm.nih.gov/pubmed/23485231
http://dx.doi.org/10.1016/S0140-6736(13)61649-9
http://dx.doi.org/10.1111/bph.14816
http://www.ncbi.nlm.nih.gov/pubmed/31368509
http://dx.doi.org/10.1038/s41392-017-0004-3
http://dx.doi.org/10.1166/jbn.2015.2145
http://dx.doi.org/10.4155/tde.13.149
http://dx.doi.org/10.3390/medicines5040123
http://dx.doi.org/10.3390/medicines5040110
http://dx.doi.org/10.1007/s11356-018-3477-x
http://dx.doi.org/10.1590/1678-4685-gmb-2019-0347
http://www.ncbi.nlm.nih.gov/pubmed/32644097
http://dx.doi.org/10.3390/molecules23123238
http://www.ncbi.nlm.nih.gov/pubmed/30544575
http://dx.doi.org/10.1158/0008-5472.CAN-09-1947
http://www.ncbi.nlm.nih.gov/pubmed/20068163
http://dx.doi.org/10.3390/cells9020362
http://www.ncbi.nlm.nih.gov/pubmed/32033130
http://dx.doi.org/10.1007/s11356-020-07904-3
http://dx.doi.org/10.1016/j.fitote.2017.12.018
http://dx.doi.org/10.1016/j.phymed.2012.08.010
http://dx.doi.org/10.1007/BF00196523
http://dx.doi.org/10.1074/jbc.M509859200
http://dx.doi.org/10.1021/ja3064588


Molecules 2020, 25, 5265 12 of 12

21. Circu, M.L.; Aw, T.Y. Reactive oxygen species, cellular redox systems, and apoptosis. Free Radic. Biol. Med.
2010, 48, 749–762. [CrossRef] [PubMed]

22. Jiang, Z.-Q.; Li, M.-H.; Qin, Y.-M.; Jiang, H.-Y.; Zhang, X.; Wu, M.-H. Luteolin inhibits tumorigenesis and
induces apoptosis of non-small cell lung cancer cells via regulation of MicroRNA-34a-5p. Int. J. Mol. Sci.
2018, 19, 447. [CrossRef] [PubMed]

23. Gu, Y.-Y.; Chen, M.-H.; May, B.H.; Liao, X.-Z.; Liu, J.-H.; Tao, L.-T.; Man-Yuen Sze, D.; Zhang, A.L.; Mo, S.-L.
Matrine induces apoptosis in multiple colorectal cancer cell lines in vitro and inhibits tumour growth with
minimum side effects in vivo via Bcl-2 and caspase-3. Phytomedicine 2018, 51, 214–225. [CrossRef] [PubMed]

24. Abbas, T.; Dutta, A. p21 in cancer: Intricate networks and multiple activities. Nat. Rev. Cancer 2009, 9,
400–414. [CrossRef] [PubMed]

25. Adel, N.; El-Mesery, M.; El-Karef, A.; Eissa, L.; Gayar, A. Chlorogenic acid potentiates antitumor effect of
doxorubicin through upregulation of death receptors in solid Ehrlich carcinoma model in mice. Egypt. J.
Basic Appl. Sci. 2019, 6, 158–172.

26. Pezzani, R.; Salehi, B.; Vitalini, S.; Iriti, M.; Zuñiga, F.A.; Sharifi-Rad, J.; Martorell, M.; Martins, N. Synergistic
effects of plant derivatives and conventional chemotherapeutic agents: An update on the cancer perspective.
Medicina 2019, 55, 110. [CrossRef] [PubMed]

27. Chou, T.-C. Theoretical basis, experimental design, and computerized simulation of synergism and
antagonism in drug combination studies. Pharmacol. Rev. 2006, 58, 621–681. [CrossRef]

28. Su, S.; Cheng, X.; Wink, M. Cytotoxicity of arctigenin and matairesinol against the T-cell lymphoma cell line
CCRF-CEM. J. Pharm. Pharmacol. 2015, 67, 1316–1323. [CrossRef]

29. El-Readi, M.Z.; Eid, S.; Ashour, M.L.; Tahrani, A.; Wink, M. Modulation of multidrug resistance in cancer
cells by chelidonine and Chelidonium majus alkaloids. Phytomedicine 2013, 20, 282–294. [CrossRef]

Sample Availability: Samples of the compounds and the plant materials are available from the authors.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.freeradbiomed.2009.12.022
http://www.ncbi.nlm.nih.gov/pubmed/20045723
http://dx.doi.org/10.3390/ijms19020447
http://www.ncbi.nlm.nih.gov/pubmed/29393891
http://dx.doi.org/10.1016/j.phymed.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/30466620
http://dx.doi.org/10.1038/nrc2657
http://www.ncbi.nlm.nih.gov/pubmed/19440234
http://dx.doi.org/10.3390/medicina55040110
http://www.ncbi.nlm.nih.gov/pubmed/30999703
http://dx.doi.org/10.1124/pr.58.3.10
http://dx.doi.org/10.1111/jphp.12426
http://dx.doi.org/10.1016/j.phymed.2012.11.005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	LC-MS Analysis of Scabiosa atropurpurea Leaves 
	S. atropurpurea Enhances Dox Cytotoxicity against Caco-2 MDR Colorectal Cancer 
	Apoptotic Effect of ME and Dox against Caco-2 cells 
	Multicaspase Assay 
	Quantitative Real Time PCR (qPCR) for Bax, Bcl-2, Casp-3 and p21 Expression in Caco-2 Cells 
	ME Inhibited ABC Transporter Activity 

	Discussion 
	Materials and Methods 
	Plant Material 
	Extraction 
	Phytochemical Analysis 
	MTT Assay 
	Drug Combination Assays 
	Annexin-V/PI Double-Staining Analysis of Apoptotic Cells 
	Multicaspase Assay 
	Quantitative Reverse Transcription Real-Time PCR (RT-qPCR) 
	ABC Transporter Activity 
	Statistical Analysis 

	Conclusions 
	References

