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Abstract 
 

There is now an emerging interest in the discovery of a plant-based anticancer drug. 

Hence, this study determined the phytochemical profile of Pandanus odoratissimus 

ethanol (POE) leaves extract and investigated its preliminary anticancer capacity 

using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (RSA) and in 

vitro antiproliferative activity by Saccharomyces cerevisiae yeast model. The 

phytochemical analysis of POE revealed the presence of flavonoids, phenols, steroids 

and tannins. The POE had fair amounts of total phenolic content (9.411±0.0115 mg 

GAE/g crude extract) and total tannin content (38.1511±1.116 mg TAE/g crude 

extract). The %DPPH RSA of POE significantly increased with concentration and 

inhibited more than 50% against DPPH. Tannic and gallic acids showed high potency 

in scavenging DPPH that was statistically comparable to the reference standard 

(ascorbic acid). In the antiproliferative assay, POE and tannic acid significantly 

inhibited yeast growth in a dose-dependent manner. At 1000 ppm, POE and tannic acid 

demonstrated the highest inhibition of viable cells at 76.04±1.08 and 86.25±0.33%, 

respectively. It was further revealed that the percent inhibition of cell viability and the 

%DPPH RSA of POE had a strong correlation (r = 0.9620). Hence, P. odoratissimus 

has bioactive compounds with potential chemopreventive effects. 

Keywords: anticancer, antiproliferative activity, DPPH free radical scavenging    

                  activity, Pandanus odoratissimus, phytochemical profile 

 

 

1. Introduction 

 

Cancer is the abnormality in cell division that leads to the uncontrolled 

proliferation and alterations, which accumulate within the normal cell into a 

malignant cell (Iqbal et al., 2017). One of the primary causes of cancer is 
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exposure to toxic substances in the environment resulting in genetic changes 

(Raheel et al., 2017). Reactive oxygen species (ROS) is also linked to the 

emergence and development of cancer (Borek, 2004). Reactive oxygen 

species or free radicals, such as hydroxyl radicals (OH), singlet oxygen (1O2), 

hydrogen peroxide (H2O2), alkoxyl radical (RO) and superoxide radical (O2
-) 

(Sarker and Oba, 2018a) have one or more unpaired electrons that can cause 

damage to the respiring cells making them highly toxic, mutagenic and 

carcinogenic. At higher concentrations, these reactive species can break one 

of the two strands in deoxyribonucleic acid (DNA) that can damage enzymes 

and essential proteins or cause uncontrolled lipid peroxidation and auto-

oxidation reactions (Sarker and Oba, 2018b, 2020a) leading to cancer (Zahin 

et al., 2010). Also, free radicals could deactivate specific tumor-suppressing 

genes (Boran and Ugur, 2016); this activation will trigger uncontrolled growth 

and proliferation bringing about the transformation of cells to have 

carcinogenic properties (Rayan et al., 2017). 

 

Although experts in the field made advances in the control of cancer 

progressions such as surgery, radiotherapy and chemotherapy, these have 

undesirable side effects (Shrivastava et al., 2016). There is now an emerging 

interest in creating drugs that may overcome the antagonistic impacts of some 

cancer medications by utilizing natural compounds, which may influence the 

multiple targets with decreased reactions and be effective against certain types 

of cancer (Padmaharish and Lakshmi, 2017). Thus, the investigation and the 

search for possible agents with noticeable anticancer activity and antioxidative 

properties are highly important nowadays. 

 

The leaves of plants are excellent sources of natural pro-vitamin A (Sarker and 

Oba, 2020b), vitamin C (Sarker et al., 2017a); phytochemicals like pigments 

such as carotenoids (Sarker et al., 2015a; Keles et al., 2016), betaxanthins, 

chlorophylls, betalains, betacyanins, xanthophylls (Sarker and Oba, 2021) and 

beta-carotene (Sarker et al., 2014, 2015b); phenolics specifically phenolic 

acids, namely different hydroxybenzoic acids and hydroxycinnamic acids; and 

flavonoid compounds (flavonols, flavones, flavanols, flavanones and other 

nonflavonoid compounds), which act as an antioxidant (Sarker et al., 2020a; 

Sarker and Oba, 2020c, 2020d). Various plant species are notable for their 

anticancer and antioxidative properties. New drugs derived from several plant 

species and their phytochemical constituents received much attention in 

preventing and treating cancer (Aung et al., 2017). Phytochemicals selectively 

kill cells that divide rapidly, target abnormally expressed molecular factors, 

eliminate oxidative stress, moderate cell growth factors, inhibit angiogenesis 
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in cancer tissue and induce apoptosis (Singh et al., 2016). Moreover, the 

consumption of traditional herbal plants with chemopreventive actions could 

be helpful to improve life expectancy strategies due to their low cost, lesser 

toxicity during long-term administration and availability at a large scale 

(Gowri and Chinnaswamy, 2011). 

 

One plant of interest is the Pandanus odoratissimus, which belongs to the 

family Pandanaceae and is widely distributed in India, the Pacific Islands and 

the Philippines. It is a small, tortuous tree that can grow to a height of 4 m 

supported by aerial roots. The leaves are sword-shaped, rigid and 40-70 cm 

long (Adkar and Bhaskar, 2014). The Ayurveda, Unani and Siddha medical 

systems used the leaves of P. odoratissimus for treating back pain, 

rheumatism, wound, urinary disorder, loss of appetite, indigestion, 

constipation, diabetes, skin diseases and fever, to name a few. The Ayurvedic 

system of medicine traditionally used the sugar-based paste of P. 

odoratissimus to treat cancer (Raj et al., 2014a). Various phytochemical 

constituents present in the leaves of P. odoratissimus include alkaloids, 

tannins (Rahayu et al., 2013), saponins, flavonoids, steroids and phenols 

(Kumar et al., 2010). 

 

Using two-dimensional nuclear magnetic resonance (NMR) techniques, 

Nonato et al. (1993) found out that the leaves of Pandanus plants contain 

piperidine alkaloids such as pandamarilactones, pandamine and pyrroline. 

Further studies suggested that these compounds could possess antioxidant, 

anti-inflammatory and antidiabetic activities. A study conducted by Jong and 

Chau (1998) isolated two phenolic compounds, namely pinoresinol and 3,4-

bis-(4-hydroxy-3-methoxybenzyl) tetrahydrofuran from P. odoratissimus and 

showed strong antioxidative activities using the thiocyanate method. The 

study of Jong and Chau (1998) only focused on the antioxidative capacity of P. 

odoratissimus and its isolates, and they utilized a different approach in 

determining the antioxidative property of the plant. Londonkar and Kamble 

(2009) reported a high percent 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

inhibition of the leaves of P. odoratissimus; they made use of methanol as an 

extracting solvent. Some previous experimental studies on the aqueous extract 

of P. odoratissimus demonstrated its anticancer activity against cancer cell 

lines in vitro and in vivo (Raj et al., 2014a, 2014b). Raj et al. (2014a) studied 

the dried parts of roots and leaves of the plant extracted with methanol and 

water. The in vitro anticancer activity of the plant was determined through the 

brine shrimp lethality assay for its cytotoxicity; the onion root tip method for 

its antimitotic activity; and the cancer cell lines were studied using 
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay. To date, 

no study has explicitly looked at the contribution of the tannic and gallic 

contents and DPPH radical scavenging activity (RSA) of P. odoratissimus to 

its overall antiproliferative capacity in the yeast cell model. 

 

Therefore, this study determined the phytochemical profile, quantified the 

selected secondary metabolites and investigated the potential anticancer 

capacity of the ethanolic extract of the leaves of P. odoratissimus through its 

oxidative damage protecting property and antiproliferative activity in the 

Saccharomyces cerevisiae yeast cell model. 

 

 

 

2. Methodology 
 

2.1 Plant Material Collection and Preparation 

 

The leaves of P. odoratissimus were collected within Samay, Gingoog City, 

Misamis Oriental, Philippines. The leaves samples were placed in a resealable 

plastic bag (Ziploc) and transported to the Chemistry Laboratory of the 

University of Science and Technology of Southern Philippines – Cagayan de 

Oro (USTP-CDO) Campus, Cagayan de Oro City, Philippines. The leaves 

collected were washed with running tap water, rinsed with distilled water, cut 

into small pieces and air-dried for four weeks at room temperature (30 °C). 

The dried leaves were homogenized using a knife mill (GM200, Retsch, 

Germany) and stored in plastic containers. 

 

2.2 Plant Material Extraction 
 

The homogenized leaves of P. odoratissimus (100 g) were soaked with ethanol 

(Analytical Grade, Scharlau, Spain) at room temperature (30 °C) for 24 h and 

filtered using Whatman quantitative filter paper grade 42. The extraction 

process was done twice. The filtrates were combined through Buchner funnel 

vacuum filtration (Yamato Scientific Co. Ltd., Japan). The pooled filtrate was 

concentrated using a rotary evaporator (Stuart RE300, Stuart, United 

Kingdom) at 55 °C and stored at 4 °C in a refrigerator (NR-A2007PE, 

National, Japan) until use. 
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2.3 Qualitative Phytochemical Screening 

 

Phytochemical screening was done using the standard phytochemical methods 

described by Aguinaldo et al. (2005) with some modifications. P. 

odoratissimus ethanol (POE) extract was subjected to qualitative chemical 

tests to identify selected phytochemical constituents such as flavonoids using 

alkaline reagent test (Pandey and Tripathi, 2013); steroids through Keller-

kiliani test (Aguinaldo et al., 2005); phenols and tannins by ferric-chloride test 

(Tiwari et al., 2011).  

 

2.4  

 

 
 

The determination of lambda max (max) and LDR was carried out using the 

protocol reported by Pontillas and Lapetaje (2019). Briefly, a stock solution 

of the test sample was made and serially diluted to achieve concentrations of 

the working standard solution. An aliquot of stock solution was added with 

reagents (see sections 2.5 and 2.6 for TPC and TTC, respectively). A working 

standard solution was scanned for lambda max in the specific region in the 

Ultraviolet-visible (UV-Vis) spectrophotometer (DR5000, Hach, United 

States). The absorbance of the freshly prepared working standard solutions 

was measured using the lambda max. A plot of absorbance versus 

concentration was constructed. The test sample standard solution 

concentration with the highest sensitivity (abs ≤ 1.500) was utilized in the 

assay. Table 1 shows the values of max and LDR used for the assays analyzed 

using UV-Vis spectrophotometer. 

 
Table 1. The values of max and LDR used for the conduct of TPC, TTC and  

DPPH RSA 

 

Assay 
Test sample 

(concentration) 

Working standard 

solutions  

(ppm) 

Region 

scanned in 

UV-Vis 

(nm) 

Lambda 

max  

(nm) 

LDR 

(ppm) 

TPC 
GA 

(350 ppm) 

1.0, 2.5, 5.0, 10, 20, 

30, 35 
119-900 755 

1.0, 2.5, 

5.0, 10 

TTC 
TA  

(225 ppm) 

1.0, 5.0, 10, 15, 25, 

50 
200-900 740 

1.0, 5.0, 

10, 15 

DPPH 

RSA 
DPPH 

10, 20, 30, 40, 50, 

60, 70, 80, 90, 100 
400-620 517 

10, 20, 

30, 40, 

50 

TPC – total phenolic content; TTC – total tannin content; DPPH RSA – 2,2-diphenyl-1-picrylhydrazyl radical 

scavenging assay; GA – gallic acid; TA – tannic acid; LDR – linear dynamic range 

Determination of Lambda Max and Linear Dynamic Range (LDR) for 

Total Phenolic Content (TPC), Total Tannin Content (TTC) and DPPH    

RSA 
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2.5 Quantitative Determination of TPC 

 

The quantitative analysis of the determination of total phenolic content in the 

ethanol extract of P. odoratissimus was carried out according to the Folin-

Ciocalteu method (Sarker and Oba, 2020c) with modifications. Gallic acid 

(GA) (Analytical Grade, Scharlau, Spain) was used as the standard. POE (1.50 

mL) was added with 7.5 mL of 10% (v/v) Folin-Ciocalteu reagent (Loba 

Chemie Pvt. Ltd., India) and 6.0 mL of 7.5% (w/v) sodium carbonate 

(Na2CO3) (Analytical Grade, RCl Labscan, Thailand). After incubating the 

reaction mixture at room temperature for 30 min, the absorbance was 

measured at 755 nm (max) against the blank spectrophotometrically. The 

calibration curve of GA standard solution (1.0-10 ppm with 2.5-ppm 

increment) was established to determine TPC expressed as GA equivalence 

(GAE). The TPC was computed using Equation 1. 

 

 

 

 

where C is the concentration of the GA obtained from the standard calibration 

curve (mg/L); DF is the dilution factor; V is the volume of the extract solution 

(L); m is the weight of the dried extract (g). 

 

2.6 Quantitative Determination of TTC 

 

The total amount of tannins in the POE was obtained using the method of 

Giner-Chavez et al. (1997) with minor modifications. Tannic acid (TA) 

(Analytical Grade, Scharlau, Spain) was used as the standard. POE (3.0 mL, 

4,500 ppm) was mixed with 1.50 mL of Folin’s phenol reagent (Loba Chemie 

Pvt. Ltd., India) and 9.0 mL of 35% (w/v) Na2CO3 (Analytical Grade, RCl 

Labscan, Thailand). After the reaction mixture was incubated for 5 min at 

room temperature, the absorbance of the complex formed was read at 740 nm 

(max) against the blank using the UV-Vis. The TTC was determined through 

regression analysis from the calibration curve of the TA (1.0-20 ppm with 5.0-

ppm increment) expressed as TA equivalence (TAE). The TTC was computed 

using Equation 2. 

 

 

 

 

(1) TPC = 
(C ∙DF ∙ V )

m
 

 

(2) TTC = 
(C ∙D.F ∙V )

m
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where C is the concentration of the GA obtained from the standard calibration 

curve (mg/L); DF is the dilution factor; V is the volume of the extract solution 

(L); m is the weight of the dried extract (g). 

 

2.7 Determination of the Antioxidant Activity 

 

The antioxidant activities of POE, GA and TA were determined quantitatively 

using a DPPH RSA. The method was carried out using the protocol reported 

by Pontillas and Lapetaje (2019). A 150-ppm stock solution of DPPH 

(Analytical Grade, Sigma-Aldrich Chemie GmbH, Germany) in methanol 

(ACS, Scharlau, Spain) was prepared. A 1000 ppm stock solution of POE, GA 

and TA was prepared and serially diluted to 10, 50, 100, 250 and 500 ppm. 

DPPH solution (2.3 mL) in methanol was added to the test samples, and the 

final volume was made up to 7.0 mL using methanol. After the incubation for 

30 min in the dark, the absorbance of the test samples and the reference 

standard – ascorbic acid (AA) (Analytical Grade, Scharlau, Spain) was 

measured at 517 nm (max) against the blank (methanol) using the UV-Vis 

spectrophotometer. The percent (%) DPPH RSA for test sample concentration 

was calculated using Equation 3.  

 

 

 

 

where A0 is the absorbance of the negative control; A1 is the absorbance in the 

presence of the sample. 

 

2.8 In Vitro Antiproliferative Assay by Yeast Cell Model 

 

The antiproliferative activities of POE and TA were determined using the 

yeast cell model. The assay was conducted following the methodology by 

Simon (2001) as reported by Raheel et al. (2017), Hosseinpour et al. (2013) 

and Tomar et al. (2018) with minor modifications.  

 

2.8.1 Preparation of Potato Dextrose Broth (PDB) 

 

Potato (200 g) was boiled in distilled water (1 L) for 1 h, filtered and added 

with 20 g glucose (Analytical Grade, Duksan Pure Chemicals, South Korea). 

The final volume of solution was made to 1 L using distilled water and 

sterilized by autoclaving (Electric Sterilizer 75X-120V, All American Electric 

Sterilizer, United States) at 121 °C, 15 psi for 15 min. 

 

(3) %DPPH RSA = 
A0 – A1

A0

 × 100 
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2.8.2 Preparation of Yeast Inoculum 

 

Yeast was inoculated in a conical flask containing sterilized PDB (100 mL) 

and commercially available yeast (5 g) and incubated (Binder redLINE 

Incubator RI 115-U, India) at 37 °C for 24 h. Then, the seeded broth (1.0 mL) 

was diluted up to 10 mL with sterilized distilled water to obtain 2.54 x 105 

cells and was diluted into 1:100 to obtain a concentration of 2.54 x 103 cells. 

 

2.8.3 Cell Viability Count 

 

The test samples (POE and TA) were prepared with 250, 500 and 1000 ppm 

concentrations. Test solutions with test samples, PDB (2.5 mL) and yeast 

inoculum (0.50 mL) were mixed in separate test tubes, and the total volume 

was made up to 4.0 mL using distilled water. There were three groups formed: 

distilled water as the negative control, POE and TA. All test samples were 

incubated at 37 °C for 24 h. After the incubation period, the cell suspension in 

each sample was added with 0.1% (w/v) methylene blue (ACS, Sisco Research 

Laboratories Pvt. Ltd., India) and was observed under high power (40x) 

microscope (Monocular T-12011C, Ken-A-Vision, United States). The 

number of living cells (colorless) and dead cells (appears blue) were counted 

for the negative control and samples treated with POE and TA. The cell 

viability was computed using Equations 4 and 5. 

 

 

 

 

 

 

 

where A is the cell viability of control; B is the cell viability of treatment. 

 

2.9 Data Analysis 

 

All the analyses were done in triplicates, and these values were expressed as 

mean and standard deviation. Statistical analysis was performed by one-way 

analysis of variance (ANOVA) at a 5% significance level. Tukey’s honest 

significant difference (HSD) test was carried out when the differences by the 

data were significant (p < 0.05). MegaStat in Microsoft Excel was used for all 

data analyses including Pearson’s correlation coefficient. 

 

 

(4) % Cell viability = 
Total viable cells

 Total number of cells
 × 100 

(5) % Inhibition of cell viability = 
A – B

 A
 × 100 
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3. Results and Discussion 

 

3.1 Phytochemical Profile of POE 

 

A qualitative phytochemical analysis of POE extracts revealed the presence of 

flavonoids, phenols, steroids and tannins. The phytochemical results agreed 

with Kumar et al. (2010) and Rahayu et al. (2013). Ethanol was an efficient 

extraction solvent as all four secondary plant metabolite groups were detected. 

Extraction using solvents with varying polarity is one of the methods used to 

obtain secondary metabolites. Secondary metabolites have different functional 

groups classified as polar or non-polar.The recovery of polyphenols from plant 

tissues often involved the use of polar solvents. Ethanol has been known as a 

suitable solvent for extracting polyphenols and is less toxic to humans and the 

environment (Do et al., 2013). Also, it was adequate to extract sterol, 

flavonoid, tannins, terpenoid, saponin and alkaloids (Widyawati et al., 2014). 

Table 2 presents the results obtained from the phytochemical screening. 

 

Table 2. Phytochemical profile of POE extract 

 

Secondary plant metabolite  Result 

Flavonoids  + 

Phenols  + 

Steroids  + 

Tannins  + 

 (+) present 

 

Flavonoids belong to a large family of polyphenol plant compounds. The 

different flavonoids have various biological functions, such as protection 

against ultraviolet radiation and phytopathogens (Ferreyra et al., 2012). In 

addition, flavonoids are well known for their health benefits in the cell 

signaling pathways and their antioxidant effects (Sarker and Oba, 2020b, 

2021). Flavonoids could elicit beneficial effects such as antiviral, anticancer, 

anti-inflammatory and anti-allergic activities (Robertson, 2014). Pieces of 

literature have shown that the leaves of different vegetable amaranth species, 

such as Amaranthus spinosus and A. viridis (Sarker and Oba, 2019a), A. blitum 

(Sarker and Oba, 2020e), red morph amaranth (Sarker and Oba, 2019b), stem 

amaranth (Sarker et al., 2020a), salt-tolerant vegetable amaranth (Sarker et al., 

2020b) and green morph amaranth (Sarker et al., 2020c) had high total 

flavonoid content with a potent antioxidant activity which conform with the 

present findings. Phytosterols, commonly called plant steroids, possess 

antioxidant activities due to forming an allylic free radical and transforming 
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to other stable free radicals (Yoshida and Niki, 2003). Sultan (2015) reported 

that phytosterols have cholesterol-lowering properties and help reduce 

cholesterol levels in humans and prevent cancer. The results, as mentioned 

earlier, showed that the leaves of P. odoratissimus were rich in potential 

secondary metabolites that could exhibit beneficial health effects. 

 

3.2 TPC and TTC 

 

Table 3 presents the results from the determination of TPC and TTC found in 

POE extract. The data in Table 3 indicated that the TPC of POE was lower 

than the TTC. The lower values of TPC could be due to the presence of the 

unquantifiable other chemical constituents. Some researchers reported that the 

Folin reagent could oxidize other substances resulting in the poor specificity 

of the assay (Baang et al., 2015). The data also showed that TPC and TTC 

increased as the concentration of POE increased. POE contained a higher 

amount of TTC.  

 

Table 3. TPC and TTC of POE extract 

 

POE concentration (ppm) 
TPC 

(mg GAE/g crude extract) 

TTC 

(mg TAE/g crude extract) 

   

500 5.248±0.284 22.063±0.480 
   

1000 9.411±0.0115 38.151±1.116 
   

Published value 3.5 to 10% (w/w)a N/Ab 

Results are the mean of triplicate determinations ±SD; TPC – total phenolic content; TTC – total tannin content; 

POE – P. odoratissimus ethanol extract; apublished value of TPC from Londonkar and Kamble (2009); bno 

available published value of the TTC in the leaves of P. odoratissimus. 

 

Giner-Chavez et al. (1997) reported a similar methodology on the Folin-

Ciocalteu method; the notable difference was the volume of reagents added to 

the test solution. Also, the lambda max used to measure the absorbance of the 

test solution was different in both assays. Phenolic compounds 

have distinct responses in Folin-Ciocalteu, and the molecular 

antioxidant response of phenolic compounds varied considerably to their 

chemical structure (Kahkonen et al., 1999). Londonkar and Kamble (2009) 

found that the TPC of P. odoratissimus leaves ranged from 3.5 to 10% (w/w). 

A direct comparison between the published and the experimental values could 

not be made due to the differences in the unit and the nature of analysis; 

however, the present findings agree that the P. odoratissimus leaves had a 
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significant amount of total phenols. On the one hand, no published data was 

found on the total tannins in the P. odoratissimus leaves. 

 

A lot of researchers have become more interested in phenolic compounds due 

to their potent antioxidant properties (Sarker et al., 2018a, 2018b; Sarker and 

Oba, 2020b). It was revealed from the literature that the leaves of different 

vegetable amaranth such as A. hypochondriacus (Sarker and Oba, 2020f), 

drought-tolerant vegetable amaranth (Sarker and Oba, 2020d), A. gangeticus 

(Sarker and Oba, 2020g), Amaranthus leafy vegetable (Sarker and Oba, 

2018c) and A. tricolor (Sarker and Oba, 2018d) had high TPC with strong 

antioxidant activity that was in agreement with the present findings. Tannin 

may inhibit lipid peroxidation in cellular oxidizing states and quench critical 

free radicals (Wisman, 2008). Previous studies showed that Psychotria 

carthagenensis had a high level of condensed tannins (Formagio et al., 2014) 

and ethanol extracts of Cytinus species (Cytinus hypocistis and C. ruber) 

contained significant quantities of gallotannins (Maisetta et al., 2019). Both 

studies yielded an important insight that the plant species tested exhibited a 

radical quenching ability due to tannins. The TPC and TTC detected in the 

POE may aid the claim that the plant possessed antioxidant and therapeutic 

properties. 

3.3 Antioxidant Activity 

 

The results obtained from the DPPH RSA were summarized in Table 4 and 

illustrated in Figure 1. As shown in Table 4, the scavenging effect of GA, TA, 

POE extract and reference standard (AA) on the DPPH radical at 50-500 ppm 

decreased in order: AA > TA > GA > POE. The one-way ANOVA results 

showed no significant difference (p > 0.05) between the concentration and the 

%DPPH RSA in GA and TA. The results implied that the %DPPH RSAs of 

GA and TA were independent of the concentration. On the other hand, the 

concentration and %DPPH RSA of POE were statistically different (p < 0.05); 

this suggests that the radical scavenging capacity of POE depends on the 

concentration. The %DPPH RSA of POE also increased with increasing 

concentration. The DPPH RSA of the AA) reached a saturation point at 250 

ppm. After it peaked at this point, the DPPH radical scavenging ability of AA 

began to decrease when concentration doubled (500 ppm). A possible reason 

for this anomaly could be due to some interfering substances (Huang et al., 

2004). 
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Table 4. %DPPH RSA of GA, TA and POE extract against %DPPH RSA of 

reference standard (AA) 

 

Concentration 

(ppm) 

%DPPH RSA 

GA TA POE AA 

10 94.50c±0.31 94.91c±0.17 5.85a±0.21 85.93b±0.40 

50 94.53b±0.43 94.94b±0.43 3.93a±0.08 96.07c±0.05 

100 94.64a±0.09 95.07b±0.05 5.91c±0.24 96.08d±0.05 

250 94.75b±0.05 95.10b±0.37 24.30a±0.60 96.17c±0.02 

500 94.83b±0.21 95.32b±0.19 52.99a±1.63 95.94b±0.16 

Results are the mean of triplicate determinations ±SD; GA – gallic acid; TA – tannic acid; POE – P. 

odoratissimus ethanol extract; AA – ascorbic acid; for each row, means followed by common letters are not 

significantly different. One-way ANOVA determined significant differences (p < 0.05) followed by the Tukey’s 

HSD test. 

 

At 50, 100 and 250 ppm, statistical results revealed that the %DPPH RSA of 

GA and TA significantly differed (p < 0.05) from the reference standard (AA). 

The radical scavenging capacities of GA and TA at 10 ppm were statistically 

higher (p < 0.05) than that of the AA. Thus, GA and TA had high potency in 

scavenging DPPH radicals because both samples exhibited a good antioxidant 

action at low concentrations. At 500 ppm, there was no significant difference 

(p > 0.05) in the percentage of radical scavenging activities of GA, TA and 

the reference standard. The DPPH inhibition may be considered the same in 

GA, TA and the reference standard in this concentration. Tukey’s HDS test 

showed that the %DPPH RSA of the POE significantly differed (p < 0.05) 

from the reference standard. The scavenging capacity of POE was statistically 

lower compared to GA and TA. This outcome may happen apparently as GA 

and TA were pure (analytical grade) and known to elicit a high antioxidant 

activity. The POE may contain some interference from other chemical 

components present in the plant, thereby affecting the results. 

 

As depicted in Figure 1, among the test samples, TA exhibited the highest 

capacity in scavenging DPPH radical followed by GA. Polyphenols act as 

antioxidants preventing damage from free radicals and blocking the stage of 

cancer initiation. Polyphenolic compounds also prevent DNA damage caused 

by free radicals or cancer-causing agents through various mechanisms 

including direct radical scavenging (Ramos, 2008).  
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Figure 1. Comparison of the %DPPH RSA of GA, TA and POE extract against the 

reference standard (AA) at different concentrations 
 

Since GA and TA are phenolic compounds, the result of this study agrees to 

the standing notion that phenolic compounds have high potency in scavenging 

free radicals. The highest radical scavenging activity of TA documented in the 

present investigation concurred with Gulcin et al. (2010). TA was investigated 

for its DPPH inhibition capacity and showed 95.1% RSA at 45 µg/mL (~45 

ppm). Rafiee et al. (2018) reported that the free radical-scavenging capacity 

of most phenolic compounds largely depends on their structure and degree of 

polymerization. The multiple phenol groups surrounding the structure of TA 

allow them to stabilize its oxidized (radical) forms by electronic delocalization 

in the π-conjugated system. One of the most important mechanisms of action 

of phenolic antioxidants is to transform free radicals into inactive products. 

For these reasons, TA and its derivate are efficient free radical scavengers. 

Accordingly, some factors are responsible for the antioxidant activity of 

phenolics including the number and position of the hydroxyl group, the 

presence of other functional groups and their location in hydroxyl groups. GA 

has three hydroxyl groups bonded to the aromatic ring in an ortho position; 

this arrangement is considered the primary basis of the radical scavenging 

efficiency of GA (Badhani et al., 2015). 

 

In this study, the highest percent radical scavenging of POE was 52.99±1.63% 

at 500 ppm. The value seemed low compared with that in the literature 

reported by Londonkar and Kamble (2009) that the methanolic leaf extracts 

of P. odoratissimus had the highest percent inhibition on DPPH (87.52%). The 

difference in the results may be due to ethanol as an extracting solvent in the 

present study. The study by Londonkar and Kamble (2009) used methanol as 
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a solvent, and methanol is known to possess higher polarity than ethanol. 

There could be a possibility that more phenolic compounds were extracted in 

methanol since phenolic compounds are much polar. The amount of extracted 

polar compounds such as phenolic constituents could affect the RSA because 

polar compounds are known to exhibit antioxidative actions (Walag and Del 

Rosario, 2020). 

 

Furthermore, the low level of free radical scavenging activity of POE extract 

could be due to the drying method employed in the study; some antioxidants 

may be exposed to further oxidation. Nevertheless, the POE had the potential 

capacity to scavenge free radicals because it inhibited more than 50% against 

DPPH as presented in Table 4. The present findings were corroborative to the 

findings of different vegetable amaranth species such as A. tricolor (Sarker 

and Oba, 2018e), salt-tolerant A. tricolor (Sarker et al., 2018c), salt-tolerant 

Amaranthus leafy vegetables (Sarker and Oba, 2018f) and vegetable amaranth 

(Sarker et al., 2017b) exhibiting strong antioxidant activity. The POE 

contained sufficient amounts of total tannin and total phenolics. The standards 

(GA and TA), employed to quantify the phenols and tannins in POE, were 

subjected to DPPH radical scavenging assay to confirm whether TTC and TPC 

of the POE could contribute to the antioxidant potency. The GA and TA 

exhibited likely results in the inhibition of DPPH radicals because their 

%DPPH RSAs were statistically comparable to the reference standard. The 

general findings emerged from the analysis that the phenols and tannins in 

POE might be significant contributors to the free scavenging activity in this 

study. The findings of the present investigation concurred with the results 

published by Londokar and Kamble (2009) and Jong and Chau (1998) that P. 

odoratissimus could inhibit free radicals, which could assert the therapeutic 

properties of the plant. 

 

3.4 Antiproliferative Activity by S. cerevisiae Yeast Cell Model 

 

The results of the percent cell viability of yeast proliferation of POE and TA 

at different concentrations are shown in Table 5. A graphical representation of 

percent cell viability against concentration is depicted in Figure 2. Based on 

the results, the POE and TA were good inhibitors of yeast cell growth, and the 

percent cell viability observed was dose-dependent with increasing 

concentration. 
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Table 5. Antiproliferative activity of POE and TA at different concentrations 
 

Concentration  

(ppm) 

Percent (%) cell viability Percent (%) inhibition of cell viability 

POE TA POE TA 

250 88.12b±0.56 67.54c±2.57 4.65±0.60 26.92±2.78 

500 46.45d±1.41 35.35e±1.73 49.74±1.52 61.75±1.88 

1000 22.14a±1.00 12.71b±0.30 76.04±1.08 86.25±0.33 

Results are the mean of triplicate determinations ± SD; negative control (distilled water) percent cell viability 

= 92.42±0.68%; POE – P. odoratissimus ethanol extract; TA – tannic acid; for each row, means followed by 

common letters are not significantly different by the Tukey’s HSD test (p < 0.05). 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 
 

 

  

 
Figure 2. Comparison of the percent cell viability of yeast treated POE extract and 

tannic acid at different concentrations 

 

The statistical results revealed that POE and TA at 250-1000 ppm significantly 

reduced (p < 0.05) the percent cell viability of yeast compared to the negative 

control. At 1000 ppm, POE and TA elicited the highest antiproliferative 

effects on the yeast cells. The yeast inhibition of POE significantly differed 

from TA at different concentrations. The results implied that the POE and TA 

possessed antiproliferative nature. Photomicrographs of yeast cells treated 

with POE and TA are shown in Figure 3. 

 

TA and POE may inhibit DNA replication, possibly due to the topoisomerase 

II, a key enzyme in DNA replication (Chandrappa et al., 2013). 

Topoisomerases are enzymes associated with DNA that break and then close 
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(a) (b) 

either one (Topo I) or two (Topo II) DNA strands during replication or 

transcription allowing these strands to pass to each other. Several compounds 

are known as “Topo II poisons” interfere with these processes by inhibiting 

the relegation of double-stranded DNA breaks and improving the formation 

of cleaved enzymatic complexes. Some polyphenols, including tannins, are 

Topo II poisons (Ferguson, 2001). Numerous anticancer compounds show 

inhibition of topoisomerase, and this property could, therefore, be used to 

detect and discover anticancer compounds (de Mejia et al., 2005). 

 
 

 

 

 
 

 

 
 

 

 

 

 

  

 

 

 

 

 
Colorless and light blue yeast cells were viable and dead, respectively. 

 

Figure 3. Photomicrographs of yeast cells treated with  

POE (a) and TA (b) at 1000 ppm 
 

Considering the fair amounts of total phenolic and total tannins detected in 

POE, their presence could likely be attributed to the antiproliferative effect. 

Yáñez et al. (2004) found a correlation between the state of structural 

oxidation and the position, number and nature of the substituents of the 

polyphenols and their antiproliferative effects. GA, one of the compounds 

tested in the study of Yáñez et al. (2004), prevented cellular growth due to its 

hydroxylated aromatic structure. Furthermore, polyphenols can alter cell 

cycle-specific proteins that may impact the growth and proliferation of cancer 

cells. Cell cycle control points such as G1/S and G2/M are also significant 

targets for polyphenols (Araújo et al., 2011). 

 

The present findings of the study agreed with Raj et al. (2014b) that P. 

odoratissimus could inhibit cell proliferation. The previous study showed that 

P. odoratissimus could significantly reduce calu-6-cells from proliferation 

without affecting the normal lung fibroblast cells and peripheral blood 

mononuclear cells. Similar effects on antiproliferative activity of POE in this 
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study were also documented using Ficus benghalensis (Raheel et al., 2017), 

Matricaria chamomilla (Hosseinpour et al., 2013), Revia hypocrateriformis 

(Saboo et al., 2012) and Vitis vinifera (Periyanayagam et al., 2013). The 

previous studies demonstrated that the tested plant species elicited potent 

antiproliferative activity against yeast cells in a dose-dependent manner. Also, 

the plant species were phytochemically rich in flavonoids, phenols, 

polyphenolic and triterpenoid constituents. Periyanayagam et al. (2013) 

pointed out that the antiproliferative activity of V. vinifera was due to its 

phenolic compounds and antioxidant capacity. This result is consistent with 

the present findings. A strong correlation (r = 0.9620) between percent 

inhibition of cell viability and percent DPPH radical scavenging activity 

(%DPPH RSA) of POE was established using Pearson-product moment 

correlation as presented in Table 6.  

 

Table 6. Correlation between the %DPPH RSA and percent inhibition of  

cell viability in POE 

 

 %DPPH RSA %ICV 

%DPPH RSA 1.00  

%ICV 0.962* 1.00 

%DPPH RSA – percent DPPH radical scavenging activity; %ICV – percent inhibition of cell viability; *strong 

correlation 

 

The result posited that the inhibitory effect on DPPH radicals strengthens the 

antiproliferative potential of P. odoratissimus. Oxidative cellular damage 

events are often associated with oxidative stress. The correlation of the 

antioxidant and the antiproliferative activities of POE could be beneficial for 

preventive or therapeutic purposes. 

 

 
 

4. Conclusion and Recommendation 

 

Significant outcomes of the present investigation revealed that POE extract 

elicited anticancer potential in terms of its phytochemical profile, DPPH 

scavenging activity and yeast growth inhibition capacity. The findings of the 

study supported the idea that the secondary plant metabolites (flavonoids, 

phenols, steroids and tannins) present in the POE might have a synergistic 

effect that influenced the free radical scavenging activity and the 

antiproliferative effect of the plant extract. In addition, the results 



C. J. L. Castro & K. C. Lomonsod / Mindanao Journal of Science and Technology Vol. 19 (2) (2021) 184-208 

201 

 

demonstrated that P. odoratissimus could be a potential source of antioxidants 

and antiproliferative action that could be useful for treatments of diseases and 

could be a candidate for plant-based drug development. Also, it could be a 

possible subject for further confirmatory testing. Further research and 

chemical analysis on the pure compounds and their impact on the DPPH 

inhibition and cell proliferation are needed to determine their mechanism of 

action.  
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