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ThecomparisonofantioxidativeandcytotoxicactivitiesoffreshanddriedPiper Betle L. 

leave extracts on MCF-7, HELA and SK-LU-1 

 
ABSTRACT 

The use of herbal medicines produced from plants and herbs, as one element of complementary 

and alternative medicine, is still increasing worldwide. In this study, Piper betleL. leaf in two 

states, fresh and dried, was tested to explore its compounds and total phenolic and flavonoid 

contents. From there evaluated its antioxidant, and cytotoxic activities in vitro. Gas 

chromatography–mass spectrometry is a method for identifying compounds (GC-MS). The total 

phenolic content was measured by using Folin-Ciocalteu method and the total flavonoid content 

was based on a complex formation with AlCl3. The antioxidant activity was evaluated by DPPH 

and scratch assays, respectively. The cytotoxic activity was performed against MCF7, Hela, and 

SKLU1cancercelllinesusingsulforhodamineBassay.Toxicitytestingfornormalcellswasalso 

investigated. Results show the dried betel leaf extract (DBLE) contains eugenol (37.56%) as the 

primarycompound,while2.5-dimethylbenzoicacid(89.58%)wastheprimarycompoundinfresh betel 

leaf extract (FBLE). The extracts are rich polyphenols and flavonoids and have strong 

antioxidant activity. The polyphenol content in DBLE (240.9 mg GAE/g) is higher than FBLE 

(165.2mgGAE/g).Especially,theDBLEhasshownsignificantDPPHscavengingactivity(IC50 

= 3.21µg/mL)whencomparedwithstandardascorbicacid(IC50=6.71µg/mL)andFBLE(IC50 

= 22.97 µg/mL). The cytotoxic activity of FBLE against MCF-7 and Hela cell lines shows 

IC50value above 50 µg/mL, while DBLE shows IC50value of 21.88 µg/mL and 26.68 µg/mL, 

respectively,withnodifferencefortheSKLU1line(IC50valuesbetween35.0–38.0μg/mL).There is a 

positive correlation between the phenolic content, antioxidant, and cytotoxic activities of the 

extracts. In conclusion, DBLE exhibits higher antioxidant and cytotoxic activities than FBLE. 

Keywords:Betelleaf(Piperbetle), freshanddriedleaves,antioxidant,cytotoxicity 

 

 

INTRODUCTION 

Cancer is the leading cause of death worldwide. Among them, lung cancer, breast cancer, and 

cervicalcancerarecommoncancertypes,especiallyaffectingwomenthemost(Sungetal.,2021). 

Currently, failures in cancer treatment are associated with drug resistance and toxicity. There is 

growing evidence that natural compounds are highly specific to tumor cells and have fewer side 

effectsonnormalcells;asaresult,theyoffergreatpromiseforthefuturetreatmentofcancer.The 

use of natural compounds as an adjuvant treatment in targeting the apoptotic pathway and 

inhibiting the self-renewal pathway of cancer cells (Hh, Notch, WNT, and BMI1) inhibits tumor 

recurrence and chemotherapy drug resistance (Hashem et al., 2022). 

Approximately 80% of the population in developing countries is dependent on natural or herbal 



 

 

medicinestotreatvariousdiseases.PiperbetleisatraditionalherbofthePiperaceaefamilywhich 

isusedbymanycountriesduetoitswealthycontentofmacronutrientsandmicronutrientssuchas vitamin 

C, vitamin A, minerals, riboflavin, thiamine, tri-terpenoids, steroids, alkaloids, amino 

acids,tannins,essentialoils,phenolics,flavonoids…Therehavebeenreportsofbiologicalbenefits of 

betel leaf including platelet suppression, antidiabetic activity, immunomodulatory properties, and 

antiallergic activity. These activities are due to the high antioxidant effect of the compounds 

contained in this plant through DPPH, superoxide, and nitric oxide free radical scavenging 

activities (Rintu et al., 2015). Studies have shown that the leaf extract of P. betel has phenolic 

compounds such as hydroxychavicol, chavibetol, eugenol… Hydrochavicol in betel leaf induces 

cell cycle arrest at the S phase or G2/M and apoptosis in pancreatic cancer cells (Majumdar & 

Subramanian, 2019). Water extract from betel leaf activates ATM, p73, and JNK pathway 

expressions, and inhibits in vivo mouse tumor growth via the MAPK-p73 pathway in human 

hepatocellularcarcinoma(Wuetal.,2014);hexaneextractexhibitssignificantcytotoxicitytoHela cells 

(Sanubol et al., 2017).Extracting betel leaves with different extraction techniques (soxhlet, 

sonication, and maceration) and different solvents (water, methanol, ethyl acetate, and hexane) 

showedvarious resultsof totalphenolicand flavonoidcontent, andsubstancecontent.Therefore, the 

antioxidant and cytotoxic activities were also different (Das et al., 2019), (Abrahim et al., 2012). 

From the studies, it was found that different extraction methods play an important role in the 

presence and activity levels of phytochemicals. This is what accounts for their different 

pharmacological properties, which is essential for assessing their potential for human health and 

benefits. 

To study the differences between betel leaf extract extracted from dried leaves and fresh leaves 

affectingthebiologicalactivity,weanalyzedthechangesofthemainphytochemicals,polyphenol and 

flavonoid content. Then compare the antioxidant and cytotoxic activities in vitro of the extracts. 

The results indicated that the content of phytochemicals, polyphenols and flavonoids, antioxidant 

and cytotoxic activity against cancer cells have significant differences between fresh and dried 

extracts of betel leaf. 

 

 

MATERIALS 

Plant 

Fresh betel leaves (Piper betleL.) were collected from 8 a.m. to 10 a.m. in Thua Thien Hue 

province, VietNam. Choosing leaves that are intact, fresh, and free from pests. 

Celllines 



 

 

Three human cancer cell lines including breast cancer (MCF-7), cervical cancer (HeLa) and lung 

cancer (SK-LU-1) cells are provided by the Institute of Biotechnology, Vietnam Academy of 

Science and Technology. 

MSC was isolated from Wharton’s jelly of human umbilical cords provided by Hue Central 

Hospital (Hue, Vietnam). 

 

 

METHODS 

Extractpreparation 

Betel leaves were cleaned and drained at room temperature. To collect the maximum possible 

content of bioactive phytochemicals for developing and applying in specific areas, betel leaf 

extract was examined in two states, fresh and dry. 

Forfreshbetelleafextract(FBLE),theleaveswerecrushedandsoakedwithethanol70%v/vina 

ratioof1:10(w/v)forfivehoursat50°C;stirringoccasionally.Fordriedbetelleafextract(DBLE), the 

fresh leaves were dried in an oven at 40
0
C and ground into fine powder. The powder (150 g) was 

soaked with absolute ethanol (500 mL) for seven days at room temperature; stirring occasionally. 

The samples were then filtered and evaporated at 40 - 50
0
C until getting the dark brown 

concentrated solution. Store samples at 4°C. 

Gaschromatography-massspectroscopic(GC-MS)analysis 

The analysis of extract compounds was performed on an Agilent GC-MS instrument equipped 

withaGC7890AgaschromatographandanMS 5975Cmassspectrometerdetector.Thecolumn used in 

theanalysis was theDB-XLB capillary column (60m x0.25 mmx0.25 μm). Theextract 

wasdilutedwith3%dichloromethanesolventandfilteredthrougha0.45μmPTFEfilter.Analyses using 

Isocratic modes were carried out using high-purity helium as carrier gas at a column flow rate of 

1 mL/min with a ratio of 100:1. The temperature of the injection port was 250
0
C. The column 

temperature program was as follows: an initial temperature of 40
0
C, raised to 140

0
C at a rate of 

20
0
C/min and held for five minutes, the final rate was raised from 4

0
C/min to 270

0
C. The mass 

spectrometry conditions included an ion source temperature of 230
0
C, ionization energy of 

70eV,andamassscanrangeof40–500amu.Peakareaswereusedforquantifyingtheconstituent 

percentage in total betel leaf extracts. 

Determinationoftotalpolyphenolcontent 

The total phenolic content (TPC) inFBLE and DBLE were estimated using the Folin–Ciocalteau 

(F-C) reagent described by Feduraevet al. (2019). 

The F-C 10% reagent was diluted with distilled water just before the experiment. Different 

solutions of gallic acid (50, 100, 150, and 200 µg/mL) and betel leaf extracts (1 mg/mL) were 

prepared in methanol. A mixture of 0.5 mL of extract or standard solution at each concentration 

wasmixedwith2.5mLofF-C10%reagentforseveralseconds.After4min,1mLof7.5% 



 

 

Na2CO3was added and incubated at room temperature in the dark. Absorbance was measured at 

760 nm after two hours. 

TheTPCwascalculated based on thegallicacidcalibrationcurveusingtheformula: 

C =cx V/m 

whereC=TPC(mgGAE/g),c=concentrationofgallicacidestablishedfromthecalibrationcurve 

(mg/mL), V = volume of extract (mL) and m = weight of plant extract. 

Results were expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g 

extract). All experiments were performed in triplicate. 

Determinationoftotalflavonoidcontent 

With slight modifications, the total flavonoid content (TFC) in the extracts was estimated by the 

aluminum chloride (AlCl3) colorimetric method described by Marinova et al. (2005). 

In methanol, different solutions of quercetin standard (20, 40, 60, 80, and 200 µg/mL) and betel 

leafextracts(1mg/mL)wereproduced.Followingtheadditionof0.3mLof5%NaNO2,asample 

containing 1 mL of extract or standard solution at each concentration was added separately to 4 

mLofdistilledwater.Afterfiveminutes,0.3mLof20%AlCl3isaddedandkeptfor6min.Finally, 

2mLof1MNaOHsolutionwasadded,thenupto10mLwithdistilledwaterandmixedwell.The optical 

absorbance of the reaction solution was measured at 510 nm after 10 minutes. Similar to 

thedeterminationofTPC,TFCwascalculatedbasedonthequercetincalibrationcurveaccording to the 

formula: 

C =cx V/m 

where C = TFC (mg QE/g), c = concentration of quercetin established from the calibration curve 

in (mg/mL), V = volume of extract (mL) and m = weight of plant extract. 

Resultswereexpressedasmilligramsofquercetinequivalentspergramofextract(mgQE/g extract). All 

experiments were performed in triplicate. 

DPPHradicalscavengingassay 

The antioxidant activity of betel leaf extracts was determined through DPPH free radical 

scavenging according to Jahan et al. (2010) with some modifications. 

A 100 µM DPPH solution was prepared in methanol solution. Diluting the extract into different 

concentrations(5-25µg/mL).Themixtureconsistingof1.5mLof100µMDPPHand1.5mLof extract 

was shaken well and then incubated in the dark at room temperature for 30 min. The 

absorbanceofthemixturewasspectrophotometricallymeasuredatλmax=517nmandcomparedto the 

standard antioxidant (ascorbic acid). 

Radical scavenging activity is expressed as inhibitory concentration (IC50), i.e., extract 

concentrationnecessarytodecreasetheinitialconcentrationofDPPHby50%.Thepercentageof DPPH 

inhibition was calculated by using the following formula: 



 

 

DPPHinhibition (%)=[(A0-A)/A0]×100% 

Where:A0=theabsorbanceofblanksamplesolutionwithoutthecompoundtobetested A = the 

absorbance of the tested sample. 

Cell culture 

MCF-7 breast cancer, Hela cervical cancer, and SK-LU-1 lung cancer cells were maintained in a 

DMEM growth medium containing 10% FBS, supplemented with 2 mM L-glutamine, 1% 

penicillin/streptomycin, and 1 mM sodium pyruvate. 

MesenchymalstemcellswereculturedinthegrowthmediumofDMEM/F12mediumcontaining 10% 

FBS and 1% antibiotic. 

Cells were grown to confluence in a humidified atmosphere containing 5% CO2at 37°C. 

Morphology was examined under inverted optical microscopy. 

Testingtheeffectof PiperbetleL.extractonMSC 

Mesenchymal stem cells (MSCs) are multipotent stem cells found in bone marrow that are 

important for making and repairing skeletal tissues. In addition, MSCs have a migration ability 

whenactivated,theycanmigrateintootherinjuredandinflammatorysitestorepairandregenerate. In 

this study, MSC was used for toxicity testing of betel leaf extracts on normal cells. 

ThesecondaryMSCwereculturedon6-wellplateswithadensityof1.000cells/cm
2
inthegrowth 

medium. When the cells were approximately 60% confluent, the betel leaf extracts at various 

concentrationswereaddedtothedishes.Cellmonitoringwasextendedto48hours.Imagesofthe 

MSCateachtestconcentrationwerecapturedinthreedifferentfieldstoestimateerrorbars.MSC 

numbers were assessed by using the ImageJ software. 

CytotoxicitytestusingSulforhodamineB(SRB)assay 

ThecytotoxicitytestincancercellswasperformedaccordingtothemethodofSkekanetal.(1990) by 

sulforhodamine B (SRB) assay. 

Trypsinization to collect cell pellets. Adjust the cell concentration with medium to obtain the 

appropriate cell culture density per well of the 96-well plate at a volume of 190 μl. 

The extracts were dissolved in DMSO and diluted with culture medium (FBS-free) at 

concentrationsof2000μg/mL,400μg/mL,80μg/mL,and16μg/mL.Aspirate10µLofthediluted extract 

introduced into wells containing the prepared cancer cell fluid mixture to achieve a final 

concentration of 100 μg/mL, 20 μg/mL, 4 μg/mL, and 0.8 μg/mL. After culturing for 72 hours, 

20% TCA solution was added to immobilize cells for 60 min at 4
0
C. DMSO 1% was used as a 

control at day 0 (thefinal concentration in thewell was 0.05%).Cells in this well wereincubated 

foronly onehour.Afterfixation, cells werestained with 100μl of0.4%SRB for30 min at 37
0
C. 

Remove residual dye by washing it three times with 1% acetic acid and then drying it at room 

temperature. Then, the SRB was dissolved in 10 mM unbuffered Tris base, gently shaken for 10 

min,andreadtheODresultsat540nmonanELISAPlateReader(Biotek).Ellipticineatfinal 



 

 

concentrations in each well of10, 2, 0.4, and 0.08 µg/mLwas used as apositivecontrol. Thetest 

was repeated 3 times. The IC50 value (concentration that inhibits 50%ofgrowth)was determined 

using TableCurve 2Dv4 computer software. 

Thepercentageinhibitionofcellgrowthwasdeterminedbythefollowing formula: 

%cell inhibition= 100 – [{(At –Ab)/(Ac–Ab)}x 100] 

Where:At=Absorbancevalueofthetestcompound;Ab=Absorbancevalueofblank; Ac = 

Absorbance value of the control. 

Statistical analysis 

The collected data were expressed as mean ± standard deviation (mean ± SD). Microsoft Excel 

software has been used to analyze data and draw graphs. The p<0.05 indicates statistically 

significant differences. The significant difference between the experimental samples was 

performed by one-way ANOVA. 

 

 

RESULTS 

Obtaining P. betleextract 

The distillation method extracted fresh and dry betel leaves on a laboratory scale. After being 

extracted,bothextractswereinaconcentratedstatewithadarkbrowncolorandthecharacteristic pungent 

smell of betel. In terms of solubility, DBLE was more soluble in water than FBLE. All extracts 

were easily soluble in alcohol. The yield extracted from dried betel leaves (8.89%) was higher 

than that of fresh ones (4.95%) (Table 1). 

 
 

 

Figure1.Betelleaf 

Table1.Therecoveryefficiencyoftwotypes of 

extracts 

 
Weight (g) Recovery 

efficiency 

(%) 

Extract  

 Material Extract 

FBLE 200 9.90 4.95 

DBLE 100 8.89 8.89 

Gaschromatography-massspectroscopic(GC-MS) analysis 

GC-MS results have identified FBLE contained the chemical compositions including 2.5- 

dimethylbezoic acid (89.58%), 2-Methoxy-1-hydroxy-4-allylbenzene (3.18%), Eugenol (2.89%), 

Allylguaiacol(2.85%)andChavicolacetate(1.49%).ChemicalcompositionsofDBLEidentified were 

Eugenol (37.56%), Chavicol acetate (37.34%), Caryophyllene (12.71%), Acetyleugenol 

(10.17%) and Humulene (2.22%) (Table 2). The result showed that DBLE’s main compounds 

ChavicolacetateandEugeunolwerenotpresentedinFBLE.Meanwhile,themainchemical 
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constituent identified in FBLE was 2.5-dimethylbenzoic acid which accounted for 89.58% 

andwas not presented in DBLE. 

Table2.Chemicalcompositionsof FBLEandDBLE 
 

 
No 

Chemical compositions % 
 

Chemical compositions % 

1 2.5-Dimethylbenzoicacid 89.58 1 Eugenol 37.56 

 

 

 

 

 

 

 

Some studies also reported compounds in betel leaves similar to our study. GC-MS analysis of 

P.betleleafextract collectedfrom Denpasar, Indonesiacontained31compoundsincluding eugenol 

(25.03%),and2.5-

dimethylbenzoicacid(12.08%)whichweretwomaincomponents(Pratiwi&Muderawan, 2016). 

Methanol extracts from P.betleleaves in India revealed that the main active compounds were 2.5-

dimethylbenzoic acid, 3.5-dimethylbenzoic acid, methionine,…(Selvaraj et al., 2022). Betel leaf 

extract from Indonesia analyzed components such as chavicol, eugenol, 

caryophyllene,xyleneandchalarene(Jenie&Apryiantono,2008).Thepresenceofcaryophyllene, 

eugenol, and acetyl eugenol in the ethanol extract from the leaves of P. betlefrom Malaysia was 

also confirmed by HPTLC and GCMS analysis (Annegowda et al., 2013). The chemical 

composition of betel leaves in different areas of Odisha also contained components such as 

eugenol, caryophyllene, acetyl eugenol, humulene, cadinene, 2-aminocarbonylbenzoic acid, etc 

(Das et al., 2016). 

Totalphenolicandflavonoid contents 

TPCandTFCwerecalculatedbasedontherespectivestandardlinearofgallicacid(y=0.009x+ 

0.1222,R²=0.9931)andquercetin(y=0.0134x+0.0078,R²=0.9995).Theresultsarepresented in Table 

3. 

Table3.TPC (mg GAE/g)andTFC(mg QE/g)of DBLEand FBLE. 
 

Extract TPC(mg GAE/g) TFC(mg QE/g) 

FBLE 165.2 ± 4.6 76.4 ± 2.1 

DBLE 240.9 ± 0.11 82.1 ± 2.9 

TPC and TFC of DBLE were higher than that of FBLE, especially the TPC of both extracts was 

considerably different, ranging from 165 to 241 mg GAE/g. The respective TPC and TFC found 

inFBLEwere165.2±4.6mgGAE/gand76.4±2.1mgQE/g.Meanwhile,TPCandTFCrecorded in 

DBLE were 240.9 ± 0.11 mg GAE/g and 82.1 ± 2.9 mg QE/g. 



 

 

Our study shows that dried betel leaf extract has similar TPC and higher TFC than the betel leaf 

study in Ho Chi Minh City (249.96 mg GAE/g and 27.82 mg RE /g) and Binh Duong province 

(386,343mgGAE/gand55,073mgQE/g)inVietnam(Nguyenetal.,2020),(Dươngetal.,2022). The 

dried betel leaf from Osdisa extracted by sonication, soxhlet, and maceration methods using 

acetone as solvents found TPC from 50 – 57.6 mg GAE/10 mg and TFC from 32.1 – 49.79 mg 

QE/mg(Dasetal.,2019).TheextractfromfreshbetelleavesinIndianregionshadTPCfrom95 

-128mgGAE/gandTFCfrom51-62mgcatechinwhichwaslowerthaninourstudy(Hariniet al., 2018). 

The difference in total phenolic and flavonoid contents of betel leaf extract in distinct studies 

depends on geographical location as well as an extraction method. 

Antioxidant activity 

The antioxidant effect of FBLE and DBLE was determined based on DPPH radical scavenging 

activity. With the aim of comparison, ascorbic acid was selected to be a positive control. The 

DPPH assay results are shown in Table 4 and Figure 2. 

The DPPH scavenging ability is proportional to the concentration of extract. The higher the 

concentration is, the better the free radical scavenging capacity is. The inhibition of DPPH of 

DBLEwasconsiderablylowerthanthatofFBLEwithIC50valuesof3.21µg/mLand22.97µg/mL 

respectively. It can be seen that the antioxidant activity of DBLE is 7 times higher than that of 

FBLE. Furthermore, the IC50value of DBLE was lower than that of the positive control-ascorbic 

acid (3.21 µg/mL and 6.71 µg/mL respectively), which indicates that the crude extract from the 

dried betel leaf has a strong antioxidant capacity. 

Table4. DPPHradical scavenging activityof both extractsand ascorbicacid 
 

Concentration 

(µg/ml) 

 Inhibition(%)  

FBLE DBLE Ascorbicacid 

5 4.83 ± 0.59 47.92 ± 1.74 37.38 ± 0.56 

10 10.99± 0.47 69.9 ± 1.55 66.15 ± 0.85 

15 29.51± 0.88 82.37 ± 0.84 78.23 ± 0.99 

20 39.31± 1.24 92.47 ± 0.75 84.06 ± 0.72 

25 57.99± 1.10 95.04 ± 1.05 95.71 ± 0.87 

IC50 22.97µg/mL 3.21 µg/mL 6.71 µg/mL 

Severalstudieshavealsoconfirmedthehighantioxidantactivityofbetelleafextract.Forinstance, 

thedried leaf Piper betleextract with ethanol collectedin Phayao Province in Thailand exhibited 

antioxidantactivitywithIC50of30.0±0.1µg/mL(Boonthaetal.,2019);theethylacetateextract 

fromMalaysiadriedleafbetelshowedtheradicalscavengingactivitiesagainstDPPHwithIC50of 

40.0 µg/mL (Abrahim et al., 2012); and the fresh betel leaf extract from Indonesian with ethanol 

is found to exhibit antioxidant activity with the IC50of 17.4 ppm against DPPH (Sartini et al., 

2020); fresh betel leaves in Kuala Lumpur demonstrated the DPPH scavenging activity with an 

IC50value of 179.5 ± 93.1 µg/mL (Alam et al., 2023). 

Testingtheeffectof PiperbetleL.extractonMSC 



 

 

The toxicity of betel leaf extracts on MSC by adding dilutions of betel leaf extract to the culture 

medium to determine cytotoxic concentrations. MSC with 60% confluency was exposed to 

differentconcentrations(25μg/mL-125μg/mL)ofFBLEandDBLE,monitoringforcytotoxicity for 48 

hours at concentrations of FBLE and DBLE (Figure 2). 
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Figure 2. Effect of Piper betleL. extracts at different concentrations on MSC was presented in 

photos(A)andagraph(B).Percentageofcellviabilityatsignificantconcentrationscomparedto control 

(*p<0.005; **p<0.001) 



 

 

As shown in Figure 2, both FBLE and DBLE did not induce any significant cytotoxicity at 

concentrations up to 50 µg/mL after 48 hours. The results also indicated that the cell viability at 

concentrations greater than 75 μg/mL significantly decreased with increasing the exposure 

concentration, indicating their less efficiency for the growth of the cells. At a 125 µg/mL 

concentration, betel leaf extract was dramatically toxic to MSC cells. DBLE exhibited higher 

cytotoxicity to MSC than FBLE. 

Cytotoxicityofextractstowardcancercell lines 

According to the standards of the US National Cancer Institute, the extract is considered to have 

cytotoxic activity on cancer cells with IC50≤ 20 μg/mL, while the purified substance is IC50≤ 5 

μM. 

After72hoursofextracttreatment,comparedwiththecontrolsamples,cellsshrank,roundedand 

lostcellularadhesiontothesubstrate.Mostcellswereevendetachedfromthesurfaceofthetissue 

culturedishesplateandappearedfloatingintheculturemediumwhichreducesthedensityofcells and 

cell clusters (Figure 3). These are characteristics of apoptosis. At a concentration of 100 

µg/mL,FBLEwasabletoinhibitandkill75.27%ofMCF-7cells,85.5%ofHelacellsand87.71% of SK-

LU-1 cells. Meanwhile, DBLE at 100 µg/mL can inhibit and kill 96.35% of MCF-7 cells, 

99.29% of Hela cells (almost completely) and 97.56% of SK-LU-1 cells (Table 5, Figure 3). 
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Figure3.CellproliferationinhibitoryeffectofFBLEandDBLEonMCF-7,HelaandSK-LU-1 cells at 

different concentrations after 72 hours in photos (A) and a graph (B) 

Table5.InhibitorygrowtheffectsagainstdifferentcancercellsofFBLEandDBLEcompared with 

Elipticine 
 

 
Concentration 

(µg/ml) 

 
% inhibition 

 

Samples    

 MCF-7 Hela SK-LU-1 

FBLE 100 75.27±1.92 85.50±1.19 87.71±1.74 

DBLE 100 96.35±2.29 99.29±1.71 97.56±1.42 

Ellipticine 10 92.13±2.06 98.63±2.24 97.94±3.79 

Table6.IC50valueofextractsindifferentcancercelllinescomparedwithElipticine 
 

  
IC50(µg/ml) 

 

Samples   

 MCF-7 Hela SK-LU-1 

FBLE 56.05±5.46 56.7±4.16 35.07±1.39 

DBLE 21.88±1.13 26.68±1.55 38.45±2.94 

Ellipticine 0.34±0.03 0.37±0.02 0.39±0.02 

FBLE and DBLE show high cytotoxic activity against MCF-7 and Hela cell lines, in which the 

cytotoxicity of DBLE is twice that of FBLE. Specifically, the cytotoxicity of DBLE and FBLE 

withIC50were21.88µg/mLand56.05µg/mL,respectivelyonMCF-7cellline.TowardHelacell 

line,theIC50ofDBLEandFBLEwere26.68µg/mLand56.7µg/mL,respectively.However,the 

DBLE 

B 



 

 

IC50forcytotoxicityagainstSK-LU-1oftwoextractswerealmostthesameat38.45µg/mLand 

35.07µg/mL,respectively(Table6). 

In this experiment, Ellipticine was the positive control to compare the cytotoxic activity of the 

extract. Elippticine is a potent cancer cell inhibitor. However, it is not used for medical purposes 

due to its high cytotoxicity causing side effects such as nausea, high blood pressure, dry mouth, 

and fungal infections in the tongue and esophagus, … In our research, DBLE at 100 μg/mL 

concentrationcausedinhibitiononMCF-7(96.35%)andHela(99.29%)cellssimilartoEllipticine at 10 

μg/mL (92.13% for MCF-7 cells and 98.63% for Hela cells) (Table 5). 

The results of cancer-cell cytotoxicity in our study were higher than some studies in the world. 

The result of cytotoxicity on breast cancer by SRB revealed that ethanol extract from Thai betel 

leavesexhibitedacytotoxiceffectwithIC50=114µg/mL(Boonthaetal.,2019).Amongthefour 

distinctextracts(water,methanol,ethylacetateandhexane)ofPiperbetleleaves,theethylacetate extract 

exhibited the highest inhibitory effect on the proliferation of MCF-7 cells (IC50= 65 μg/mL) by 

the MTT assay (Abrahim et al., 2012). The extract of fresh Piper betleleaf only 

effectivelyinhibitedtheproliferationoftheKBcelllinewithoutaffectingtheproliferationofHela cells 

(Fathilah et al., 2010). Pre-clinical evaluation in cancer treatment of extracts from Piper species 

based on their cytotoxicity by MTT assay, Piper betleexhibited antitumor activities on Hela cells 

with IC50= 49.66 mg/mL (Sanubol et al., 2017). Thus, with the ability of cytotoxic activity in our 

study, dried betel leaves can be a potential therapeutic agent in cancer treatment. 

DISCUSSION 

Scientistsareconstantlylookingfornaturaldrugstoreplacechemicaldrugsincancertherapywith the 

goal of less toxicity and side effects. Cytotoxic and antioxidant activities in vitro of P. 

betlehavebeen reported in many studies but mainly focused on theaqueous extracts 

orpolarsolvents. 

However,variationsincompositionandbioactivitycanstilloccurdependingoncultivar,location, 

growth conditions, and fresh or dried state, so data about antioxidant and cytotoxic activities 

remainrelevant andcrucial.Inthisstudy,weusedethanolanddistilledwatertoextractfreshand dried 

leaves of P.betlein Vietnam to provide further insight into the antioxidant properties and 

cytotoxic effects on breast cancer (MCF-7), cervical cancer (Hela), lung cancer (SK-LU-1) cells 

in vitro. 

In our study, the cytotoxicity of DPLE was 2 times higher than that of the FBLE for MCF-7 and 

Hela. This result may be due to the effect of the eugenol compound (EUG) with higher 

concentrations.Studiesofeugenolshoweditsdifferenteffectsoncancercells;firstly,theeffectof 

preventingcancerthroughitsantioxidanteffect,andsecondly,theeffectofkillingcancercellsby 

affecting several signaling pathways. Eugenol regulated multiple molecular targets to mediate 

cytotoxicityagainstcancertypesthroughinhibitionofNuclearfactor-kappaB(NF-κB)activation, 

regulation of prostaglandin synthesis, reduction of Cyclooxygenase-2 (Cox-2), B-cell lymphoma 

–2(Bcl-2),interleukin-1beta,andProliferationCellNuclearAntigen(PCNA)activity;decreases in 

mitochondrial potential (ΔΨm) and inflammatory cytokines; increasing the generation of 

reactiveoxygenspecies(ROS)andtheexpressionofcaspase-3,caspase-9,Bax,cytochrome(Cyt- 



 

 

c);,S-phasecellcyclearrest;resultinginapoptoticcelldeath (Fathyetal.,2019),(DeSaJunioret al., 

2016). These series of findings suggest that EUG may induce apoptosis in cancer cells, e.g., 

breast cancer (MDA-MB-231, MCF-7), cervical cancer (SIHA, Hela), glioblastoma (DBTRG- 

05MG), lung cancer (A459), colon cancer (NCM-460), other melanoma cells (SK-Mel-28, 

A2058),…(Liang et al., 2015; Zari et al., 2021). Eugenol, one of the main components of betel 

leaf, has also been shown to possess anti-inflammatory effects in various animal models with 

different inflammatory agents (Aara et al., 2020). 

In addition, the components of DBLE possess powerful antioxidant compounds such as acetyl 

eugenol, caryophyllene and humulene (Gushiken et al., 2022; Vanin et al., 2014). Caryophyllene 

inhibitedtheproliferationofglioblastoma,non-small-celllungcancer,breastcancer,andmyeloma cells 

(Irrera et al., 2020; Lei et al., 2021). Humulene inhibited hepatocellular carcinoma cell 

proliferation(Chenetal.,2019).Especially,thecombinationofhumuleneandcaryophyllenewas 

moreeffectiveinreducingtheproliferationofMCF-7cells(Legault&Pichette,2007).Therefore, we 

propose that the active constituents of the extract may interact additively or synergistically to 

protect against cancer. 

Furthermore,thepolyphenolcontentinDBLE(240.9mgGAE/g)washigherthaninFBLE(165.2 mg 

GAE/g). Polyphenols have been reported to have preventive effects against tumor initiation 

through numerous mechanisms such as the avoidance of genotoxic molecule formation and the 

blockade of mutagenic transforming enzyme activity; regulation of heme-containing phase I 

metabolicenzymessuch as cytochromeP450s (CYPs);regulation ofphase IImetabolic enzymes to 

detoxify carcinogens, such as NADPH-quinone oxidoreductase-1 (NQO1), quinone reductase 

(QR),glutathioneS-transferase(GST),aswellaspreventingDNAdamage(Losada-Echeberríaet al., 

2017). These implied that the polyphenol content may contribute to the cytotoxicity of breast and 

cervical cancer in this study at the tested concentrations of betel leaf. The DPPH free radical 

scavengingabilityofDBLEwasalsohigher(IC50=3.21µg/mLcomparedto22.97µg/mL).Itcan 

beseenthatthecytotoxicityagainstcancercellpotentialofbetelleafextractswascorrelatedwith their 

polyphenol content and antioxidant activity. 

Although there was a difference in cytotoxic activity on MCF-7 breast cancer and Hela cervical 

cancercellsofbothextracts,theircytotoxiceffectwassimilaronSK-LU-1lungcancercells.That may be 

due to the dimethylbenzoic compound with high content in FBLE affected the apoptosis of SK-

LU-1 cells by a mechanism that has not yet been discovered. The resulting difference 

betweenfreshanddried betelleavesmaybeduetothethermaleffectofthedryingprocessonthe product, 

which leads to the degradation of some phytochemicals, namely 2.5-dimethylbenzoic 

acid,andoptimalconditionsfortheformationofeugenolcompoundsindriedleaves.Theseresults 

canserveasapremiseforfurtherstudiesonthemolecularmechanismsandsignalingpathwaysin anti-

cancer of fresh and dried betel leaves. 



 

 

CONCLUSION 

The results revealed that the different states of betel leaf, dry or fresh, affected the chemical 

composition, the polyphenols and flavonoids content, antioxidant and cytotoxic activities. Dried 

betel leaf extract showed significantly better antioxidant DPPH radical scavenging activity than 

fresh betel leaf extract. The cytotoxic activity of fresh leaf extract and dried leaf extract against 

lungcancerlineSK-LU-1wasthesame.However,thisactivityonMCF-7breastcancerandHela cervical 

cancer cell lines of dried betel leaf extract was two times higher than that of fresh betel 

leafextract.Theseresultsmaybeduetodifferencesinpolyphenolandflavonoidcontentandmain 

components in each extract. 

Our results of cytotoxicity on cancer cell lines provided a scientific basis for using betel leaf as a 

potentialsourceofchemotherapeuticagentsforthetreatmentofbreastcancer,cervicalcancerand 

lungcancerinvivo,especially using driedbetelleaf.Atthesametime,italsoservesasapremise 

forfurtherstudiesaboutthecancerinhibitionmechanismofdimethylbenzoiccompounds present in the 

fresh betel leaf extract. 
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