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ABSTRACT 
 

Introduction: Oral cancer has one of the highest death rates of all cancer types due to lack of 

treatment. Persea americana leaves consist of phenolic compounds that are known to have 

anticancer effects to inhibit the proliferation of human squamous carcinoma (HSC-3) cell lines. 

Ethanol extracts from P. americana leaves can inhibit the cell cycle in the G1/S and G2/M 

phases to give the cells time to repair damaged DNA. Objective: The aim of this study was to 

investigate the effect of ethanol extracts from P. americana leaves on HSC-3 proliferation. 

Methods: This study was conducted using experimental research and in vitro laboratory 

testing. Groups of extract consisted of four concentrations (100%, 50%, 25%, and 10%). 

Cytotoxic activity of the extracts was measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide tetrazolium (MTT) assay. Result: P. americana leave ethanol 

extracts with concentrations of 100% had a significant difference (p <0.05) compared to 

negative control. Conclusion: Ethanol extracts from P. americana leaves could inhibit HSC-3 

proliferation. 
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INTRODUCTION 

 

Cancer is a non-infectious disease with one of the 

highest death rates in the world.1 There are 12.7 million 

new cancer cases reported every year resulting in 7.6 

million deaths.2 Based on the WHO database, in 2018, 

new cancer cases rose to 18.1 million with 9.6 million 

ending in death. One body part that is most frequently 

attacked by cancer is the oral cavity.3  

 

Oral cancer is one of the most common and deadliest 

diseases in the world with a 50% rate of survival over the 

last five years.4 It is most often found in males over 45 

years old.5 Oral cancer is a disease that is frequently 

diagnosed too late, can receive an unfavorable prognosis 

without specific biomarker, and the treatment is relatively 

expensive.6  

 

The treatments most frequently used for oral cancer 

are surgery, radiotherapy, and chemotherapy.5 

Unfortunately, some of these treatments impair healthy 

cells inside the body4 and, over the last ten years, 

traditional medicine has become more important for 

treating cancer.5 Traditional substances, like fruits and 

leaves from plants, have been used as medication to 

decrease the risks from conventional cancer treatments.1  

 

Recently, many medications have been derived from 

plants for reasons of safety, quality, and efficacy.5 Many 

plants contain compounds that have health benefits, and 

some medicinal plants are the source of new bioactive 

compounds to cure cancer.6 Persea americana, known 

commonly as avocado, is one plant with chemo-

prevention potential for cancer.7 This plant is in the 

Lauraceae family, and it comes from tropical areas in 

South America.1,8 

 

Previous studies have shown that the leaves of P. 

americana have antioxidant and anti-inflammatory 

properties.7 Moreover, this plant has been used to cure 

hypertension, diabetes, hemorrhage, dysentery, and as an 

aphrodisiac drug.8 Flavonoid, tannin, quinon, steroid/ 

triterpenoid, saponin, alkaloid, polyphenol, quercetin, and 

sugar alcohol are compounds that have been found in P. 

americana.9 Flavonoid is the most abundant compound in 

this plant.10 Flavonoid, alkaloid, and saponin in P. 

americana have anticancer activity by inhibiting HeLa 

(cervical cancer cell line)7 and MCF-7 (breast cancer cell 

line)8 proliferation. With the knowledge of anticancer 

activity of P. americana, we try to explore its anticancer 

activity on oral region cell lines, namely human 

squamous carcinoma-3 (HSC-3) cell lines. Therefore, the 

aim of this study was to evaluate the effect of ethanol 

extracts of P. americana leaves from Indonesia on human 

squamous cell-3 (HSC-3) proliferation. 

 

 

MATERIALS AND METHODS 

 

Plant Material Preparation 

 

Fresh leaves of P. americana were collected from 

Indonesia. The specimens were authenticated by the 

Indonesian Institute of Science. The leaves were dried in 

the sun and separated from the stem. The dried sample 

was ground to powder. One hundred grams of powder 

were extracted with 500 mL of ethanol absolute (Merck, 

USA) by the maceration methods. After three days, the 

solvent and residue of powder was filtered with no.1 

filter paper (Whatman Int. Ltd., Maidstone, UK). The 

residue continued to another stage of maceration. This 

process was repeated three times. The solvent was then 

evaporated from the extracted leaves with a rotary 

evaporator (Buchi, Switzerland). The temperature of the 

water in the evaporator water bath was maintained at 

30°C. 

 

Cell Culture 

 

The cells were cultured in Dulbecco's Modified Eagle 

Medium (DMEM) (Gibco, USA), supplemented with 

10% fetal bovine serum (Gibco, USA), 250 IU/mL 

penicillin (Invitrogen, USA) under standard culture 

conditions at 37°C in 5% CO2 humidified incubator 

(Memmert, Germany). The medium was changed 

regularly and the cells were sub-cultured every 3–4 days 

or after reaching 80% confluents in the culture flasks.  

 

Viability Test 

 

The mitochondrial-dependent reduction of 3-(4,5-

dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium-

bromide (Sigma Aldrich, USA) to formazan was used to 

measure cell respiration as an indicator of cell 

proliferation as previously described.11  Briefly, 1 × 105 

HSC-3 cells/well were incubated overnight in 96-well 

plates. The cells were then washed with phosphate-

buffered saline (PBS). The cells were treated with 

various concentrations (100%, 50%, 25% and 10%) of P. 

americana extract for 24 hours. Doxorubicin 3 M was 

used as positive control. After changing the medium, 

MTT was added to a final concentration of 0.5 mg/ml 

and the cells were incubated for four hours at 37°C and 

5% CO2. The medium was then removed, and the 

formazan precipitate was solubilized in dimethyl 

sulfoxide (Sigma Aldrich, USA). The absorbance was 

measured at 570 nm using a microplate reader (Tecan, 

Salzburg, Austria). The cell viability (%) relative to the 

control wells containing cell culture medium without test 

samples as a vehicle was calculated using [A] test / [A] 

control x 100. Where [A] test is the absorbance of the test 

sample and [A] control is the absorbance of the control. 
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Statistical Analysis 

 

The differences between experimental groups were 

analyzed using one-way ANOVA. A p-value (p  0.05) 

was considered statistically significant. 

  

RESULTS 

  

Based on qualitative phytochemical assay, P. 

americana contains flavonoid, steroid, tannin, and 

quinone (Table 1). The results of the cell proliferation 

assay indicated that P. americana extract at 100% 

concentration (53.56%  15.813%) and positive control 

(34.18%  6.825%) are significantly different compared 

to untreated cells. In other experiment groups, 50% 

concentration (90.24%  6.739%), 25% concentration 

(90.5%  4.95%), and 10% concentration (95.72%  

7.255%) had no significant difference compared to 

untreated cells (Fig. 1). 

 

Table 1. Qualitative phytochemical assay of ethanol 

extracts from P. americana leaves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Cell proliferation after being treated with ethanol 

extracts from P. americana leaves with varying 

concentrations (100%, 50%, 25%, and 10%). Doxorubicin 3 

M served as a positive control. The data are expressed as 

mean  SD (n = 3).  

*Indicates a significant difference compared to untreated 

cells (p < 0.05). 

 
DISCUSSION 

  

Abnormal and uncontrolled cell growth and division 

are distinct characteristics of cancer cells. HSC-3 is a cell 

line that has local invasion ability.12 Cancer cells are also 

capable of metastasis by invading and destroying healthy 

tissue and organs, moving from one part of the body to 

another.13 A previous study indicated that P. americana 

can be used as a chemo-preventive agent on cancer cells.7 

  

In this study, P. americana leaves were extracted 

using 96% ethanol by the maceration technique. 

Maceration was chosen because it is simple and can 

extract many compounds from the plant. Ethanol was 

chosen because it is a polar solvent, which can extract 

bioactive compounds, such as flavonoid, steroid, tannin, 

and quinone.14 After the extraction process was finished, 

the extract was divided into four concentrations (100%, 

50%, 25%, and 10%). The aim of the cell proliferation 

assay was to determine if any cells survived after being 

treated by the substance. In this study, the MTT assay 

method was used, which is based on conversion of MTT 

to formazan crystals by active mitochondrial dehydro-

genases from surviving cells.15 The results of this study 

showed that P. americana at 100% concentration could 

inhibit HSC-3 proliferation by 50%. Doxorubicin 3 M 

as positive control killed HSC-3 up to 65.82%  6.825%, 

while P. americana at 100% concentration could kill 

cells up to 46.44%  15.813%. Positive control compared 

to P. americana at 100% concentration had no significant 

difference. This means that doxorubicin 3 M has the 

same inhibitive effects on HSC-3 proliferation as P. 

americana; however, concentrations of 50%, 25%, and 

10% showed no signs of inhibition because lower 

concentrations did not have enough active compound 

extracted to inhibit HSC-3 proliferation. 

  

The results of this study are in line with a previous 

study that showed cytotoxicity of ethanol extract of P. 

americana leaves against HeLa cells. In this study, P. 

americana at concentration 360 g/ml could kill 50% of 

HeLa cells. This study also showed alteration of cell 

morphology as the concentration of the extracts 

increased.7 

 

In the present study, the 100% concentration killed 

46.44% of HSC-3. Concentration of 100% is very high 

compared to 360 g/ml, possibly because HeLa and 

HSC-3 have different resistances to P. americana. 

Therefore, further research is needed to study effective 

concentrations to inhibit different cancer cells. Moreover, 

the leaves, seeds,1 root bark,16 stem bark,8 and fruit17 of 

P. americana have anticancer effects against various 

cancer cells, and some studies used methanol and water 

extracts instead of ethanol extract. 

 

A previous study investigated the antioxidant capacity 

of seven different Mexican avocado leaves. The results 

showed that Mexican P. americana possess various 

polyphenolic compounds with high antioxidant activity.18 
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Another previous study reported the chemical 

constituents of P. americana leaves by isolating flavonol 

glycoside along with ten known flavonoids, four 

megastigmane glycosides, and two lignans. They claimed 

that megastigmane glycosides and lignans classes have 

never been isolated from P. americana.19 However, none 

of those constituents have been investigated for their 

anticancer activity. 

 

Flavonoid has proven to have analgesic, anti-

inflammatory, antipyretic, and even anticancer 

properties.20 Flavonoid is also considered to be an 

antioxidant as a potential cancer prevention phenolic 

compound.21 A previous study showed that phenolic 

compounds also induce apoptosis, halt the cell cycles in 

G1/S and G2/M phases, and alter signaling pathways 

involved in cancer.22 There are many ways for flavonoid 

to inhibit cancer cell proliferation, such as rendering 

carcinogenic compound inactive, inhibiting the cell 

cycles, inducing apoptosis and cell differentiation, 

inhibiting angiogenesis, and acting as an antioxidant.23  

  

P. americana possess a steroid compound that is 

probably responsible for the inhibition of HSC-3 

proliferation. Steroids have been known to have 

therapeutic value, including against anticancer, because 

they possess enzyme inhibitors, such as aromatase, 

sulfatase inhibitors, 5-reductase inhibitors, and CYP 17 

inhibitors. Another type of steroid that fights cancer are 

receptor modulators clinically used in hormone therapy, 

such as selective estrogen receptor modulators (SERMs) 

and selective androgen modulators (SARMs).24 Natural 

steroids isolated from plants are proving to be promising 

anticancer drug treatments for the future.  

  

Tannin has proven to have anticancer properties to 

fight various cancer cells in many previous studies that 

have tested against HeLa cells,25 MCF-7 (breast cancer 

cell lines), HCT-116 (human tumorigenic colon cell 

lines), CCD-18Co (non-tumorigenic colon cell lines),26 

M220 (pancreatic cancer cells), JIMT-1 (breast cancer 

cells),27 HL-60 (human promyelocytic leukemia cell 

lines),28 and many more. Tannin’s anticancer 

mechanisms are possibly due to its ability to prevent the 

activation of PARP-1, reduce Bax, and increase Bcl-2 

expression.29 Exposure to tannin increased apoptotic 

activity in prostate and breast cancer cells.30 In one study 

on human colon cancer (Caco-2) showed that tannin 

provoked down regulation of cyclins A and B1, up 

regulation of cyclin E, cell cycle arrest in the S phase, 

and induction of intrinsic pathway apoptosis.31 

  

Quinone was another compound found in P. 

americana that showed anticancer properties. There were 

two general mechanisms of quinone that promoted 

anticancer activity. The first was by mediating through 

quinone redox cycling. After quinone was reduced to 

semiquinone, it could be oxidized which first lead to the 

production of superoxide anion radicals and then reactive 

oxygen species (ROS).32 ROS have the capability to 

damage lipids, protein, RNA, and DNA of cancer cells. 

This DNA damage can cause apoptosis.33 ROS also have 

the power to cause impairment of the mitochondrial 

membrane that leads to apoptosis activation.34, 35 

 

Given the early successes into the investigation of P. 

americana, it is necessary to continue this study to 

determine which compounds of P. americana are 

responsible for anticancer activity. One limitation of this 

study was that the phytochemical assay was qualitative, 

so we could not find out the amount of dominant 

chemical compound present in the P. americana extract 

used for the treatment to cells. For future research, it is 

recommended that quantitative phytochemical assay be 

used to know the chemical compounds that play a role in 

inhibiting HSC-3 proliferation. A second limitation was 

the dose selection. For future research, it is necessary to 

choose a wider range of concentrations, so the minimum 

effective concentration can be known. 

  

CONCLUSION  

  

Based on the qualitative phytochemical assay, it was 

determined that ethanol extracts from P. americana 

leaves contain flavonoid, steroid, tannin, and quinone. At 

100% concentration, this extract could inhibit HSC-3 

proliferation. These results suggest that P. americana 

may be a potential agent for treating oral cancer, even 

though further studies are still needed.  
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