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Phenolic compounds from the cruciferous Diplotaxis 

simplex and their inhibitory effects on pancreatic 

lipase and cancer cells 
Abstract: 

The rocket Diplotaxis simplex (Viv.) Spreng (vernacular name: Jarjir) is a wild edible plant from the 

Brassicaceae family, which represents an important herb species in Tunisia.  The present work studied the anti-

proliferative potential of ethyl acetate and ethanol extracts from D. simplex flowers against MCF7 human breast-

cancer and K562 human leukemia cells. The anti-obesity potential was evaluated by the inhibitory effect of 

flowers extracts on recombinant human pancreatic lipase. The liquid chromatography-electrospray ionization-

tandem mass spectrometry analysis of the flowers extracts allowed the identification of 7 phenolic acids and 9 

flavonoids. Hyperoside and quercetrin were the major identified flavonoids and coumaric acid was the major 

phenolic acid. The ethyl acetate extract was effective in inhibiting K562 human leukemia cells (IC50 value: 20 

µg/ml) and pancreatic lipase activity (IC50 value: 0.14 mg/ml).  These data suggest that D. simplex may be useful 

as a candidate in the treatment of obesity and the leukemia cancer.  
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1. Introduction:  

Plants have always been part of human life. Currently, there is renewed interest in plant-based medicine and 

modulating physiological effects in the diseases prevention. In this context, several studies focus on the 

phytochemical characterization and evaluation of biological properties of various plants. In fact, many plants 

extracts or bioactive compounds have shown interesting pharmacological properties and they have become very 

popular as healthy agents. The cruciferous vegetables are very nutritive that provide health-promoting 

phytochemicals, such as vitamins, dietary fibers, soluble sugars, minerals and phenolic compounds (Podsedek, 

2007). Furthermore, they are unique because they are rich source of glucosinolates, which are known by their 

cancer chemoprotective attributes (Cartea et al., 2016). In previous works, it was reported that D. simplex (Viv.) 

Spreng (Brassicaceae) suppresses postprandial hyperglycemia in mice, and shows an anti-inflammatory 

potential as well as an interesting anti-proliferative activity against the human colon cancer Caco-2 cells (Jdir et 

al., 2015; Jdir et al., 2016). 

 

Worldwide obesity has more than doubled since 1980. In 2014, more than 600 millions of adults and 42 millions 

of children under the age of 5 years were obese (Ng et al., 2014). The prevalence of diabetes and obesity 

worldwide has dramatically increased because the increase of fat and carbohydrates consumption (Hu, 2011). In 

fact, our diet is oriented towards a “modern” mode where hamburgers, fries and coca attract much more than the 

healthy products. After lipids hydrolysis by gastric lipase, subsequently pancreatic lipase plays a key role in 

lipids hydrolysis (Birari and Bhutani, 2007). Therefore, inhibition of pancreatic lipase and the associated 

reduction of lipid absorption are considered as an important target for the treatment of obesity. Currently, the 

tetrahydrolipstatin (common name: Orlistat) is currently used in clinical practice as pancreatic lipase inhibitor. 

Nevertheless, this drug has some side effects, such as unpleasant gastrointestinal effects (flatulence, oily stools 

and oily spotting). Therefore, the search for natural effective oral anti-obesity agents that have slight or no side 

effects and that are cost effective alternative to synthetic drugs is in continuous interest (Birari and Bhutani, 

2007). The presence of lipase inhibitors from plant origins has been demonstrated for different plants species 

(Garza et al.,2011; Buchholz and Melzig, 2015). 

 

In this study, ethyl acetate and ethanol extracts from D. simplex flowers were analyzed by liquid 

chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS). Inhibition activity of flowers 

extracts on recombinant human pancreatic lipase (rHPL), K562 human leukemia and MCF7 human breast-

cancer cells ware also investigated. 

 

2. Material and methods: 

2.1. Chemicals  

Sodium taurodeoxycholate (NaTDC), β-cyclodextrin (β-CD), butylhydroxytoluene (BHT) and crude tung oil 

were purchased from Sigma-Aldrich (St-Quentin-Fallavier, France). Costar UV microtiter plates (catalog no. 

3635) were used for measurement of lipase activity (Corning Inc., Corning, NY). Recombinant Human 

pancreatic lipase (rHPL) was produced in the yeast Pichia pastoris and purified as described previously (Belle et 

al., 2007). All other chemicals were of analytical grade. 

2.2. Plant material and extract preparation  

D. simplex (Viv.) Spreng. (Brassicaceae) was collected from south-eastern Tunisia (Medenine). After harvest, 

the flowers were separated, shade-dried for 20 days, ground into fine powder and then stored in the dark at 4°C 

until use. The dried flowers powder (25 g) was Soxhlet-extracted with 300 ml ethyl acetate followed by 300 ml 

ethanol during 6 h for each solvent. Each solvent was then evaporated using a rotary evaporator and then totally 

removed by flushing with nitrogen. Finally, the flowers extracts were kept in the dark at 4°C until further 

analysis. 
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2.3. Liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS) analysis: 

Ethyl acetate and ethanol extracts were analyzed using a LC-MS-2020 quadrupole mass spectrometer 

(Shimadzu, Kyoto, Japan) equipped with an electrospray ionisation source and operated in negative ionization 

mode as previously described by Jdir et al. (2017). The identification of phenolics was done by comparing the 

retention times and the mass spectra with those of authentic standards of highest purity (≥99.0%), which were 

from Sigma Chemical Co. (St Louis, MO, USA). 

2.4. Cell culture: 

K562 human leukemia and MCF7 human breast-cancer cells were purchased from the Riken Cell Bank 

(Tsukuba, Japan). Cell culture was maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma-

Aldrich, St. Louis, MO) supplemented with 10% heat-inactivated foetal bovine serum (Sigma-Aldrich, St. Louis, 

MO), 1% non-essential amino acids (Cosmo Bio Co., Ltd., Tokyo, Japan) and 1% penicillin (5000 

IU/ml)/streptomycin (5000 mg/ml) solution (ICN Biomedicals, Santa Ana, CA) at 37°C under 5% CO2 

atmosphere. 

2.5. Anti-proliferative effect by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay: 

Cell viability was assessed using MTT (Sigma-Aldrich, St. Louis, MO) assay as previously described (Boulaaba 

et al., 2013). MCF7 and K562 cells were seeded in 96-well plates at a concentration of 2×104 cells/ml in DMEM 

medium. Cells were kept at 37°C under 5% CO2 and treated with different concentrations (10-200 µg/ml) of 

flowers extracts dissolved in 70% ethanol. After 48 h treatment, 10 µl MTT solutions (5 mg/ml) were added to 

the culture medium. After 24 h of incubation, the formazan product was dissolved using 100 µl of 10% SDS 

solution (Wako, Osaka, Japan). The absorbance was measured at 570 nm on a multi-detection microplate reader 

(ThermoLabsystems, Franklin, MA). The obtained results were presented as percentage of cell proliferation 

using the following formula: 

 
Where A is the absorbance of the sample and Ac is the absorbance of the control reaction without plant extract. 

IC50 value, defined as the sample concentration (µg/ml) that inhibited 50% of cell proliferation, was calculated 

from the graph plotting cell viability against sample concentration. The analyses were realized for three samples 

and the results were averaged. 

2.6. Recombinant human pancreatic lipase inhibition assay: 

rHPL inhibition assay was performed according to the method described by Serveau-Avesque et al. (2013) with 

some modifications. rHPL and extract were incubated during 30 min at room temperature in the absence of 

substrate. An equivalent of 180 ng of enzyme (dissolved in Tris-HCl buffer, pH 8) was incubated with extract 

dissolved in dimethyl sulphoxide (DMSO) at varying doses from 0.11 mg/ml to 0.45 mg/ml. A control sample 

was prepared accordingly without plant extract. Triacylglycerols purified from tung oil was used as substrate. 

The activity was measured by measurement of the absorbance at 272 nm on a multi-detection microplate reader 

(Tecan Infinite M200 Pro, Männedorf, Switzerland).  
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3. Results and discussion:  

3.1. Phenolic profile of flowers extracts: 

Table 1 represent the high-performance liquid chromatography coupled to electrospray ionization tandem mass 

spectrometry (LC-ESI-MS) analysis of flowers extracts from D. simplex. The obtained results showed that 9 

flavonoids and 7 phenolic acids were identified and measured. The compounds identification was carried out by 

comparing retention times and mass spectra with those of the authentic standards. Most of identified compounds 

are the same in both but with different level. Flavonoids constituted the largest group accounting for 60% of the 

total identified compounds in ethyl acetate and ethanol extracts. Hyperoside (quercetin-3-O-galactoside) and 

quercetrin (quercetin-3-O-rhamonoside) were found to be major compounds (877.57 and 958.72 µg/g extract, 

respectively) followed by cirsiliol (442.96 µg/g extract) and luteolin (417.38 µg/g extract). Coumaric acid was 

found to be the major compound of phenolic acids (539.34 µg/g extract). These results confirmed our previous 

findings showing that D. simplex flowers contains flavonoid glycosides (Jdir et al., 2017). A survey of the 

literature shows that the majority of the identified compounds had potent antioxidant potential with IC50 values 

less than 20 μg/ml, which confirms that D. simplex have an interesting antioxidant potential (Jdir et al., 2016). It 

was reported that hyperoside and quercetin are responsible for the highly antioxidant activity of many plants 

(Bernatoniene et al., 2004). Liu et al. (2005) reported that hyperoside exhibited obviously potent protection 

against H2O2 induced cellular toxicity. Furthermore, Zhao et al. (2013) showed that hyperoside and quercetrin 

are able to scavenge free radicals. Moreover, the identified compounds showed various interesting biological 

activities. In fact, quercetin has anti-cancer and anti-obesity activities (D’Andrea, 2015). 

 

3.2. Evaluation of anti-proliferative effect of D. simplex extracts on MCF7 and K562 cancer cells: 

The high richness of D. simplex flowers in phenolic compounds especially flavonoids as well as their interesting 

antioxidant potential prompted us to investigate for the first time the anti-proliferative capacity of the flowers 

extracts on the K562 human leukemia and MCF7 human breast-cancer cells. Figure 1 shows that flowers extracts 

were significantly (p<0.001) active against the MCF7 and K562 cells growth. For MCF7 cells inhibition, the 

IC50 values of flowers extracts ranged between 90 and 150 µg/ml. Interestingly, the IC50 value was found to be 

20 µg/ml for ethyl acetate extract in K562 cells inhibition. This powerful cytotoxic power could be explained by 

the presence of phenolic compounds with high antioxidant potential that inhibits cells proliferation. In fact, it 

was reported that phenolic compounds show an antioxidant activity in membrane models and thus they were able 

to contrast the intracellular reactive oxygen species increase due to the oxidative stress in cancer cells. 

Consequently, the antioxidant reactive oxygen species depleting approach was a valuable strategy in cancer 

therapy (Angeloni et al., 2012). In addition, the inhibition of cancer development relies on a number of basic 

cellular mechanisms (Dai and Mumper, 2010), where phenolic compounds may affect several cellular pathways 

at all cancer development stages (Ci et al., 2016). In the same trend, Braakhuis et al. (2016) suggested that 

consumption of phenolic compounds from various sources reduce the risk of breast cancer.  
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Figure 1: Antiproliferative activity of ethyl acetate and ethanol extracts from D. simplex flowers on MCF7 (A) 

and K562 (B) cancer cells. Data are presented as mean ± SD of triplicate determinations. Letter above the bars 

indicate significant differences when compared with the control: c (p<0.001). 

 

3.3. Human pancreatic lipase inhibition: 

Ethyl acetate and ethanol extracts from D. simplex flowers were tested to inhibit rHPL activity. Figure 2 shows 

that flower extracts significantly (p<0.001) inhibited rHPL activity in a dose-dependent manner. Ethyl acetate 

extract inhibited 50% of rHPL activity at 0.14 mg/ml, which was more potent than the inhibition observed for 

the ethanol extract. The obtained results were more important as compared to those reported for various extracts 

from Santalum acuminatum (IC50 = 0.6 mg/ml), Eryngium bornmuelleri (IC50 = 5.01 mg/ml) and Vitis 

rotundifolia (IC50 = 11.5 mg/ml) (You et al., 2011; Sakulnarmrat et al., 2014; Dalar et al., 2014). Nevertheless, 

the rHPL-inhibition potential of D. simplex was lower than the inhibitory effect observed by Intsia palembanica 

(IC50 = 4.10 µg/ml) (Batubara et al., 2014). The lipase inhibition could be also explained by the presence of 

phenolic compounds. It was reported that luteolin (417.38 µg/g ethyl acetate extract) and 4,5-di-O-caffeoylquinic 

acid (35.95 µg/g ethyl acetate extract) are active phenolics in pancreatic lipase inhibition with IC50 values of 
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inhibitory activity of 7.1 and 12.7 µM, respectively (Buchholz and Melzig, 2015). Lipase inhibition could be 

explained by the ability of phenolics to bind and precipitate the enzyme or to a non-competitive inhibition 

mechanism (Sergent et al., 2012). The obtained resulted suggest D. simplex as a good target for the treatment of 

obesity by pancreatic lipase inhibition. Nevertheless, more research is needed for identification and 

characterization of effective lipase inhibitors.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of ethyl acetate and ethanol extracts from D. simplex flowers on rHPL activity. Data are 

presented as mean ± SD of triplicate determinations. Letter above the bars indicate significant differences when 

compared with the control: c (p<0.001).  

 

4. Conclusions: 

The trends toward natural products promoting health is a current research topic. Therefore, improving 

knowledge on the potential properties of D. simplex would assist in efforts for its applications as a new health-

promoting vegetable. D. simplex flowers showed richness in phenolic compounds, which are known by their 

important antioxidant power. Flowers ethyl acetate extract showed interesting anti-proliferative effect against 

K562 human leukemia cells and inhibited pancreatic lipase activity, which suggest them as a candidate in several 

therapeutic applications. However, further investigations on the identification and characterization of active 

compounds with anti-proliferative and anti-lipase actions are necessary. 
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Table 1: LC-ESI-MS analysis of the D. simplex flowers extract and literature review of the DPPH• radical-scavenging presented as extract concentration needed to scavenge 

50% of DPPH• (IC50) values. 

NOa Compoundsb 
Molecular 

formula 

Molecular 

mass  
[M-H]− m/z 

Retention 

time (min) 

Concentration 

(µg/g extract) IC50c 

(µg/ml) 
References 

Ethyl acetate 

extract 

Ethanol 

extract 

1 Protocatechuic acid C7H6O4 154 153 6.969  22.95 0.89 Kakkar and Bais, 2014 

2 Syringic acid C9H10O5 198 197 16.173 117.68 19.68 0.50 Dias et al., 2009 

3 p-Coumaric acid  C9H8O3 164 163 20.995 539.34 37.58 105.3 Ayranci and Erkan, 2013 

4 trans-Ferulic acid C10H10O4 194 193 23.243 176.19 23 3.34 Mishra et al., 2012 

5 
Hyperoside (quercetin-3-O-

galactoside) 
C21H20O12 464 463 24.801 129.85 877.57 5.19 Zhao et al., 2013 

6 O-Coumaric acid C9H8O3 164 163 26.404 23.99  <30 Kiliç and Yeşiloğlu, 2013 

7 
Quercetrin (quercetin-3-O-

rhamonoside) 
C21H20O11 448 447 26.724 475.61 958.72 12.50 Khanduja and Bhardwaj, 2003 

8 4,5-di-O-Caffeoylquinic acid C25H24O12 516 515 27.333 35.95 37.39 3.20 Parejo et al., 2004 

9 trans-Cinnamic acid C9H8O2 148 147 32.056 61.63    

10 Quercetin C15H10O7 302 301 32.050 60.44 35.24 10.57 Khanduja and Bhardwaj, 2003 

11 Naringenin C15H12O5 272 271 33.990 217.79 137.62 282 Khanduja and Bhardwaj, 2003 

12 Apigenin C15H10O5 270 269 34.687 9.43 9.49 > 135 Yokozawa et al., 1998 

13 Luteolin C15H10O6 286 285 35.036 417.38 51.22 5.09 Yokozawa et al., 1998 

14 Cirsiliol C17H14O7 330 329 35.678 442.96 17.76 2.34 Yokozawa et al., 1998 

15 Cirsilineol C18H16O7 344 343 38.686 3.78 0.73 > 172 Yokozawa et al., 1998 

16 Acacetin C16H11O5 284 283 40.341 13.21  > 142 Yokozawa et al., 1998 
aThe numbering refers to elution order of compounds from an Aquasil C18 column; bIdentification was confirmed using 32 authentic commercial standards; cIC50 values of 

DPPH• radical-scavenging according to literature and each corresponding reference.   
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