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Introduction

Unintentional pesticide poisoning (UPP) in humans has been considered one 

of the inherent public health problems most developing and agricultural 

countries have faced since the 1960s. About 300 million cases of UPP with 

11,000 fatalities yearly are reported cases, which could probably be much 

higher since many cases remain unreported and unrecorded because patients 

do not seek medical attention. Of these cases, 57.99 % were recorded instances 

from the Philippines [1]. Moreover, it was claimed that pesticides also 

accounted for about 20 % of global suicides leading to almost 16,000 fatalities 

annually from 2010-2014 [2]. Mixed pesticide poisoning is one of the leading 

causes of poisoning in the Philippines. It ranked sixth based on the total 

poisoning cases recorded in the country from 2004 to 2009 [3]. 

Pesticides are substances used to kill, repel, or control plants (herbicides) and 

animals (insecticides and rodenticides) considered pests. They help control the 

spread of insects, bacteria, fungi, and algae, not just in crops but also in 

refrigerators, paint, carpets, and food packaging materials [4]. Widespread 

agricultural and household use of these pesticides exposes people to low levels 

through their diets (food and water). Therefore, people who work directly 

(farmers and agriculturists) with these pesticides are at high risk for their 

adverse effects. A few examples of its harmful effects on humans are skin and 

eye irritations, asthma, allergies and hypersensitivity, nerve disorders, 

disorders of the immune and endocrine systems, and cancer [4-10].  

As for their harmful impact on the environment, pesticides threaten species' 

biodiversity in terrestrial (e.g., birds and bees) and aquatic (e.g., species of salmon) 

environments [11]. Furthermore, the accumulation of these toxins in the 

environment indirectly decreases the prey in the food chain, thus compromising 

our ecosystem [12,13]. 

With this, several resolutions and programs were developed to reduce the harmful 

effects of pesticides on humans and the environment. Examples of these 

resolutions and programs are the (a) Montreal Protocol on Substances that Deplete 

the Ozone Layer, which is a global treaty controlling and phasing out the use of 

methyl bromide as it depletes our ozone layer, and (b) the Stockholm Convention 

on Persistent Organic Pollutants that prohibits and restricts the used of certain 

kinds of hazardous pesticide. However, the considerable challenge in 

implementing these resolutions and programs is the authorization and testing 

requirements for product registration of these pesticides since there is no intact 

protocol or guidelines for risk assessment, particularly chronic toxicity studies 

established for this matter. Moreover, with the demand for crops for export, 

farmers strongly rely their productivity on pesticides, hence aggravating human 

exposure to these toxins. Therefore, continued pesticide poisoning cases will still 

be observed without strict regulations and standardized protocols in these 
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Abstract 
Pesticidal poisoning has been relatively uncontrolled since the 1960s. The rate of intentional and unintentional pesticide 

poisoning cases reflects how extensively the community and local agriculture uses these agents. Pesticides are mostly 

synthetic and toxic substances. Its health risks outweigh the benefits it possesses; thus, it is necessary to look for a natural 

and less toxic alternative. Pittosporum moluccanum was traditionally used as an herbal pesticide; however, no scientific 

findings support this claim. Thus, we aim to substantiate the plant’s pesticidal effect. Briefly, the ethanolic extracts of the 

leaves, fruits, and barks were obtained and chemically profiled using TLC principles. Then, their toxicity was screened using 

brine shrimp lethality assay and MTT cytotoxicity assay. The pesticidal activity of the extracts was determined using 

phototoxicity assay against barnyard seeds and immersion screening method against golden apple snails comparing their 

activities against glyphosate and metaldehyde as positive controls and, water and DMSO as growth controls. Chemically, 

the extracts contain semipolar and UV-active secondary metabolites that belong to the alkaloids, flavonoids, phenolics, and 

tannins group of compounds. Moreover, toxicity profiling suggests an LC50 of 0.098 mg/mL for leaves extract while 3.125 

mg/mL for bark and fruit extracts; and, CC50 of 0.39 ug/mL for fruit extract while 0.2 ug/mL for both leaves and bark 

extracts. For pesticidal activity, seed germination inhibition of 85.56% (±1.20SD), 87.78% (±1.22SD), and 91.11% 

(±1.28SD) was observed on the leaves, fruits, and bark, respectively, while the positive control (1 µg/mL glyphosate) only 

exhibited 84.44% ± 1.57 SD. Immersion assay results suggest that the plant extracts exhibit a concentration-dependent 

molluscicidal activity against the snails and a 71.11% (±1.33SD) activity for 6 µg/mL metaldehyde (positive control). Our 

findings suggest that P. molucannum plant contains compounds that exhibit pesticidal activities against snails and weeds 

which are the most common pests in agricultural lands. 

Keywords: pittosporum molucannum; biopesticides; molluscicide; herbicide; natural product 
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pesticides' product registry and pharmacovigilance monitoring [14]. In such 

matters, safer alternative approaches (e.g., the use of plant pesticides) coupled 

with sustainable agricultural practices are highly recommended to be used. 

New kinds of practical plant pesticides with potentially high activity but lower 

or no impact on humans and the environment are greatly needed [15]. 

The Pittosporum genus belongs to the family Pittosporaceae of the order 

Apiales that are naturally distributed in Australia and Asia (China, Japan, 

Indonesia, and the Philippines) [16-18]. Species belonging to this genus grow 

as shrubs or slender trees up to 30 m high and possess several biological 

activities. Methanolic extract of stem bark of Pittosporum mannii Hook was 

reported to have antimalarial activity against chloroquine-resistant strains with 

an IC50 of 4.3 μg/mL [19]; P. viridiflorum Sims is used traditionally for the 

management of fungal infections in HIV/AIDS patients, and its leaves were 

reported to possess antibacterial activity [20-22]; and molluscicidal activity 

was also reported on P. tobira varigatum [23]. Moreover, antimicrobial activity 

was also reported on P. angustifolium leaves and aqueous fruit extracts [24-

26]; hepatoprotective effects were reported on the stem bark of P. 

neelgherrense [27]; antibacterial, antifungal, anti-inflammatory, analgesic, and 

anxiolytic activities were written on P. floribundum [28]. These biological 

activities are attributed to various bioactive compounds in this genus: 

saponins, flavonoids, terpenes, triterpenes and sesquiterpenes, phenols, 

polyphenols, tannins, glycosides, steroids, and volatile oils [21,22,26,28-30]. 

One notable species of Pittosporum found widespread in the Philippines is P. 

moluccanum, also known as P. timorense, and it was reported to be abundantly 

growing in Northwestern Luzon [19,20]. The plant has reported antioxidant 

activity by scavenging hydroxyl ions, which has an IC50 of 0.16-0.67 μg/mL 

[30], and antimalarial activity [18]. Ethnobotanical use of the plant suggests 

its traditional use as an herbal pesticide though no further scientific findings 

support this claim [31,32]. P. moluccanum leaves and fruits contain 

flavonoids, tannins, saponins, steroids, and alkaloids [33], and the chemical 

profile of other plant parts was limitedly explored. Moreover, no toxicity 

studies were done on the plant. However, mutagenicity was reported on P. 

pentandrum, and weak cytotoxicity against the A2780 human ovarian cancer 

cell line was reported on P. viridiflorum, which belongs to the same genus as 

P. moluccanum [25]. With the emerging cases of UPP, the harmful effects that 

synthetic pesticides produce, and the potential of the P. molucannum plant as 

a source of natural biopesticides, it is necessary that we look for natural options 

that are not harmful to consumers and the environment. Thus, this study was 

conceptualized. Generally, this study would like to investigate and provide 

initial findings on the biological activity of P. moluccanum as a natural 

biopesticide. Specifically, this study aimed to (a) chemically profile the plant 

through chromatographic technique; (b) evaluate the toxicity of the plant by 

determining its cytotoxicity concentration (CC50) on Saccharomyces 

cerevisiae as the test organism using MTT assay and lethal concentration 

(LC50) using brine shrimp lethality assay; and, (c) determine the plant's 

effectiveness as (i) molluscicide against golden apple snails (Pomacea 

canaliuculata) using the guidelines set by WHO for testing molluscicides, and 

(ii) herbicide against barnyard weed (Echinochloa crusgalli) seeds through 

phytotoxicity assay. 

Materials and Methods 

Materials 

This study utilized reagent grade ethanol as extraction solvent, ethyl acetate 

and dichloromethane as thin layer chromatography mobile phase, Dragendorff 

reagent, aluminum chloride solution, ferric chloride solution, and 

Liebermann’s Buchard reagent as color-forming reagents in phytochemical 

profiling by TLC method. Artemia salina larvae were used for the lethality 

assay, and Saccharomyces cerevisiae ATCC 20784 was used for the 

cytotoxicity assay. Moreover, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide) solution in phosphate buffer saline (PBS; 0.1 

M; 7.4 pH) was used in the cytotoxicity assay. Golden apple snail (Pomacea 

canaliculata) was used as the test organism for molluscicidal activity 

determination, while seeds of barnyard grass (Echinochloa crusgalli) were 

used as the test organism in herbicidal activity determination. Furthermore, 

metaldehyde and glyphosate were used as positive controls for molluscicidal 

and herbicidal assays, respectively. 

 

Sampling site and sample collection 

The leaves, barks, and fruits of P. molucannum were collected in coordination with 

the Local Government of Sipalay and Latasan Beach Resort, where the plant was 

found abundantly growing. Specifically, the plant samples were collected at 

9.735597 latitudes, 1.393956 longitudes, and 11.21 m altitude. Leaves, bark, and 

fruits were collected from randomly selected trees of P. moluccanum, placed in 

screen bags, and kept in storage containers with desiccants. The plant samples were 

brought to the Pharmacy Laboratory of the University of San Agustin for 

processing. 

Sample preparation and extraction 

The collected plant parts were cleaned, tapped dry, and placed in aluminum trays 

for oven drying at 60 0C until the constant dried weight was obtained. Dried 

samples were pulverized using a mechanical grinder, and powdered materials were 

macerated in enough volume of ethanol for 24 hrs. After maceration, the mixtures 

were filtered, and the filtrate was concentrated using a rotary evaporator (at 50 0C 

water bath). Extracts were then stored in a -20 0C freezer until further use [34-36]. 

Chemical profiling of the different plant parts 

This test was done to chemically profile the different plant parts of P. molucannum 

using the thin-layer chromatography (TLC) technique. Briefly, the ethanolic 

extracts were spotted onto pre-coated TLC plates accordingly and eluted using an 

ethyl acetate – dichloromethane (1:13) solvent system to obtain a well-defined 

resolution of bands in the chromatogram. Phytochemical screening for the 

presence of different compounds was performed on chromatograms using color-

forming reagents. Dragendorff reagent (NaNO2) was used to detect alkaloids 

[37,38], aluminum chloride (AlCl3) test was used to detect flavonoids [39], ferric 

chloride (FeCl3) test was used to detect tannins and phenolics [40-42], and 

terpenes were detected using Liebermann's Buchard (Vanillin sulfate test) [43]. 

CC50 and LC50 determination of extracts 

This test was done to profile the toxicity of the plant initially. In this test, 

cytotoxicity (CC50) was determined through MTT assay using S. cerevisiae as the 

test organism. On another note, lethal concentration (LC50) was determined using 

brine shrimp (Artemia salina) lethality assay. 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay 

In this test, a 48-h culture of Saccharomyces cerevisiae ATCC 20784 with a cell 

density of 0.05 OD620nm in Saboraud Dextrose Broth (SDB) was prepared and 

used in the assay. Test inoculum (190 µL/well) was exposed to 10 μL of 2-fold 

serially diluted concentrations (dilution range 12.5 – 0.02 µg/mL) of the extracts 

for 48 hr at 35 0C. Untreated cells were also prepared for control. After incubation, 

the cells were harvested by centrifugation (3000 rpm for 1 min), and the pelleted 

cells were resuspended with 100 μL of phosphate buffer saline (0.1 M PBS – 7.4 

pH). Then, MTT dye solution (5 mg/mL PBS) was added, and the mixtures were 

kept in the dark for three hours. Then the formazan crystals formed in the mixture 

were harvested and resuspended in DMSO. Absorbance values of the reaction 

mixtures were then read using a microplate reader at 570 nm wavelength [44-46]. 

Absorbance values were then analyzed where high absorbance values indicate high 

cellular activity and low values indicate low cellular activity (indicating dead 

cells). Percent toxicity was calculated using the equation below, and CC50 was 

determined as the lowest concentration exhibiting 50 % toxicity. 

 

Brine shrimp lethality assay 

In this test, brine shrimp larvae (Artemia salina) were utilized as the test organism. 

The larvae were grouped (10 larvae per group where 1 group is 1 replicate) and 

exposed to 2-fold serially diluted concentrations (dilution range of 6.25 – 0.012 

mg/mL) of the extract in DMSO. Survival of the larvae was then recorded after 24 

h treatment exposure. Percent (%) mortality and corresponding % lethality of each 

concentration was calculated using the equation below [47]. Lethal concentration 

(LC50) was determined as the lowest concentration that exhibits 50 % lethality in 

the larvae. 
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Pesticidal activity screening 

This test was conducted to preliminary screen the potential pesticidal activity 

of the plant on snails and whitefly, which are the most common agricultural 

crop pests, and on Echinochloa crusgalli seedlings for their potential in weed 

control. The screening focuses explicitly on the plant's molluscicidal and 

herbicidal activity. 

Molluscicidal activity determination (Immersion Bioassay) 

This experiment was done following the WHO-set procedures using golden 

apple snails (Pomacea canaliculata) as the test organism to determine the 

effective concentration of plant extracts to kill 100 % of the snail population. 

The experiment utilized increased concentrations of the different plant extracts 

based on their respective CC50 (10x, 15x, 50x CC50, 250 µg/mL, and 500 

µg/mL). DMSO and 6 µg/mL metaldehyde were used as the negative and 

positive control, respectively. Untreated snails were also prepared as a control. 

The snails were randomly grouped into 10 snails per concentration per trial. 

The snails were placed in 500 mL microwaveable tubs (covers were 

perforated) and submerged in 500 mL extract and control–mixed water. The 

tubs were covered, and the snails were exposed to the treatments for 24 h. After 

exposure, the snails were rinsed with water, transferred to natural snail water 

in a new container, and mortality was recorded after 24 h recovery period. 

Snails that will not move upon disturbance and remain in their shells will be 

considered dead [48,49]. Corrected percent mortality and its corresponding 

percent lethality were calculated using the equation below. The lowest 

concentration that kills all the snails (100 % lethality) was considered the lethal 

concentration of the extract. The test was performed in 3 trials. 

 

Where: 

X = percent mortality of the treatment 

Y = percent mortality of the untreated group 

 

Herbicide activity determination (Phytotoxicity Assay) 

This test was done to evaluate the herbicide activity of the extract on Echinochloa 

crusgalli seeds using phytotoxicity assay. The seeds were collected from a rice 

field where the plant is abundantly growing in Sipalay City, Negros Occidental. 

Ten times (10x) CC50 of the different plant extracts were evaluated in this 

experiment. The extract solution was prepared by dissolving the calculated 

cytotoxic concentration in ethanol, then Tween-20 (250 μg/mL) was added, and 

the addition of distilled water prepared a final volume of 5 mL. Then 3 mL of the 

prepared solution was transferred onto a 90 mm petri dish with Whatman filter 

paper. Then seeds were surfaced, sterilized with methanol for about 10 s, and 

washed with distilled water. The surface sterilization was done 3 times to remove 

any dirt and bacterial contamination. Then, 10 seeds were placed in the petri dish 

containing the treatment solution and were sealed with a parafilm. Elongation 

(length) of roots and shoots of the seedlings was evaluated after 5 days of 

cultivation at room temperature with a 16/8 h light/dark photoperiod. The number 

of seeds that have germinated was recorded, and % germination was calculated 

using the formula below [50-52]. The test will be done in three trials where tween-

20 (250 μg/mL) in water (negative) and glyphosate (positive) were used as 

controls. 

 

Waste disposal management 

The apparatus and instruments used in the biological assays underwent chemical 

sterilization using 10% hypochlorite solution and physical method by steam 

sterilization using an autoclave for 30 min at 121 0C (15 psi), if applicable. Used 

reagents were classified and disposed of accordingly based on the waste disposal 

management protocol of the university. In addition, biological test organisms, 

namely snails and seedlings, were disposed of as biohazard wastes. 

Results and Discussion 

Extraction of the different plant parts of Pittosporum molucannum 

The plant samples were weighed, washed with tap water twice, finally rinsed with 

distilled water, and tapped dry with tissue paper. Samples were then placed in trays 

and oven dried at 60 0C until a constant weight was obtained. The different plant 

parts were ground using a mechanical grinder and macerated in enough ethanol for 

24 h. After which, the macerated samples were filtered, and filtrates were 

concentrated in a vacuum using a rotary evaporator with a water bath set at 50 0C. 

The concentrated extracts were transferred onto their corresponding pre-weighed 

scintillation vial and continued to concentrate until total dryness. (Table 1).

Plant Part Ground Material (g) Dried weight (g) Percentage Yield (%) 

Leaves 246.56 1.9 0.77 

Barks 500.76 3.8 0.76 

Fruits 238.07 13.5 5.67 

Table 1: Extract yield of the different plant parts of Pittosporum moluccanum. 

The table shows the corresponding dried weight obtained from the ground plant materials used in the extraction process. The percentage yield was obtained 

by dividing the dried weight by the weight of ground materials multiplied by 100. 

Phytochemical profiling of the different plant parts 

This experiment was conducted to profile the compounds in the different plant 

extracts using chromatographic principles. Here, plant samples were spotted 

onto their corresponding TLC plates and eluted using ethyl acetate – 

dichloromethane (DCM) (1:13) solvent system. The developed 

chromatograms were visualized under UV 254 nm and UV 365 nm. Results of 

the TLC experiment suggest that the extracts contain semipolar compounds. 

Specifically, the leaves have nine (9) bands active at UV 54 nm and 15 bands active 

at UV 365 nm. The barks contain seven (7) bands seen at UV 254 nm and nine (9) 

bands at UV 365 nm, while fruits contain six (6) bands at UV 254 nm and eight 

(8) bands at UV 365 nm. (Figure 1). 
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Figure 1: Thin-layer chromatography profile of the different plant parts of Pittosporum moluccanum. The figure shows the different UV active bands 

found to be present in the (A) leaves extract, (B) barks extract, and (C) fruits extract. The data was obtained by spotting the extracts onto their 

corresponding TLC plates, and chromatograms were developed using ethyl acetate – DCM (1:13) mobile phase. The experiment was done in three 

trials. 

Moreover, TLC profiling using color-forming reagents was performed to 

identify the presence of secondary plant metabolites. Briefly, prepared 

chromatograms of the extracts were flooded with different reagents, and 

positive color changes were observed accordingly. Alkaloids were detected 

using Dragendorff reagent (NaNO2), flavonoids were detected using 

Aluminum chloride (AlCl3), tannins and phenolics were detected using Ferric 

chloride (FeCl3), and terpenes were detected using Liebermann's Buchard 

(Vanillin sulfate test). Results showed that alkaloids and flavonoids were present 

in all three extracts, phenolics were only in leaves and fruits, and tannins were only 

in leaves (see Table 2).

 Leaves Barks Fruits 

Alkaloids + + + 

Flavonoids + + + 

Tannins + - - 

Phenolics + - + 

Terpenes - NT + 

Table 2: Plant secondary metabolites in Pittosporum moluccanum plant. 

Our natural resources are an abundant reservoir not just of food and nutrient 

but also of bioactive molecules from which most of our medicines are derived. 

The medicinal properties of these natural resources, particularly of plants, are 

generally dependent on the various phytochemicals they produce, like 

alkaloids, known anticancer agents, and flavonoids as antibacterial agents. 

Plants produce these secondary metabolites for survival, as protection from 

diseases, pollution, stress, and UV rays. These metabolites also contribute to 

their color, aroma, and flavor. Known diverse major classifications and 

important phytochemicals are alkaloids, flavonoids, phenolics, tannins, 

saponins, terpenes and steroids, glycosides, and terpenes. Phenolics are known 

to reduce oxidative stress, thus, target a wide array of health conditions, 

including cardiovascular diseases and cancer[53]; alkaloids are known to have 

hypoglycemic effects, antibacterial, and anti-apoptosis aside from their 

anticancer activity[54]; terpenes are also known anticancer, antioxidant, and 

anti-inflammatory agents[55], flavonoids also possess antibacterial and 

antioxidant activities in addition to their antifungal and antiviral effects[56], 

and tannins were reported to possess antiviral, insecticidal, and antibacterial 

activity to name a few[57]. Among these bioactive phytochemicals widely 

known to have pesticide activities are flavonoids, alkaloids, and terpenes 

(sesquiterpenes, diterpenes, and monoterpenes) [58-60]. Flavonoids exhibit a 

broad spectrum of pesticidal activity as it targets a wide range of organisms, 

from fungi and bacteria to insects, algae, mollusks, and plants [60]. On another 

note, alkaloids like oxymatrine from Sophora flavescens and 10-O-dmethyl-

17-O-methylisoarnottianamide and 6-acetonyl-N-methyl-dihydrodecarine 

from Zanthoxylum lemairei, exhibits target-specific insecticidal activity61 and 

larvicidal activity against malaria-vector Anopheles gambiae mosquito [61], 

respectively. Furthermore, terpenes found in Tithonia diversifolia plants 

exhibit biological activity against insect pests and antifeedant activity against 

arthropod pests [61]. This study's results showed that pesticide phytochemicals 

alkaloids and flavonoids were also present in the three plant parts of Pittosporum 

molucannum. However, further investigation should be made to confirm that these 

compounds are the main contributors to the pesticidal activity of the plant. In 

addition, although various authors report the presence of flavonoids, phenols, 

alkaloids, lignins, anthraquinones, steroids, tannins, saponins, fixed oils, and 

glycosides in different species of Pittosporum plant [62], this study is the first to 

report that P. molucannum plant contains alkaloids, flavonoids, phenolics, and 

tannins. 

Toxicity Profile of the different P. moluccanum extracts 

The toxicity of the plant extracts was determined through brine shrimp lethality 

assay (LC50) and MTT cytotoxicity assay (CC50) using Saccharomyces cerevisiae 

as the test organism. Brine shrimp lethality assay was done to determine the 

concentration of the extracts that could kill more than 50 % of the napauli 

population, and MTT assay was done to determine the concentration that could 

inhibit more than 50 % of the growth of yeast cells. Results of the lethality assay 

showed that the leaves extract was lethal (LC50) to the napauli at 0.098 mg/mL 

concentration exhibiting 55 % lethality (± 2.5 SD). The barks and fruits were found 

lethal to the napauli at 3.125 mg/mL exhibiting 55 % (± 1.5 SD) and 50 % (± 1.0 

SD), respectively. Moreover, positive control glyphosphate (3 mg/mL) exhibits 

100 % (± 0.00 SD) lethality against the test organisms. (Fig. 2) These results were 

classified according to Clarkson's toxicity criterion to describe their respective 

toxicity. Extracts with LC50 of greater than 1000 μg/ml are considered nontoxic, 

extracts with LC50 of 500 - 1000 µg/ml are low toxic, extracts with LC50 of 100 

- 500 μg/ml are medium toxic, while extracts with LC50 of 0 - 100 µg/ml are 

highly toxic [63]. According to the criterion, P. molucanum leaves were highly 

toxic, while the fruits and barks were nontoxic. 
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Figure 2: Lethality profile of P. moluccanum plant extracts against brine shrimp napauli. Data illustrates the % lethality of the different plant extracts 

evaluated using brine shrimp lethality assay. Ten (10) napauli per well were exposed to the various treatments, namely, the two-fold serially diluted 

concentration of the extracts, DMSO (negative control), glyphosate (positive control), and untreated for 24 h. After the exposure period, the number of 

dead napauli was counted, and % lethality was calculated. The experiment was done in triplicates and performed in 2 trials. 

Results of MTT assay suggest that the leaves exhibit 70.15 % cytotoxicity ± 0.22 SD (CC50) at 0.2 ug/mL, the barks exhibit 64.98 % ± 0.38 SD (CC50) at 

the same concentration of 0.2 ug/mL, while the fruits exhibit 69.28 % ± 0.12 SD (CC50) at 0.39 ug/mL (Figure 3). 

 

Figure 3: Percent toxicity of P. molucannum extracts against Saccharomyces cerevisiae. Data illustrates the % toxicity of the different plant parts of P. 

molucannum and DMSO (negative control) against S. cerevisiae evaluated using MTT assay. Cultures of the test microorganism (0.1 OD 620nm) were 

exposed to the different concentrations of the plant extracts and DMSO (negative control) accordingly for 48 h at 35 0C. Treated cells were harvested, 

added with MTT solution, and further incubated for 3 h. The formazan crystals formed at the bottom of the plate were dissolved in DMSO, absorbance 

values were measured at 570 nm using a microplate reader, and percent toxicity was determined. The experiment was done in triplicates and performed 

in 3 trials. 

Pittosporum molucannum is one of the rarely explored species among the 

Pittosporum genus. It was reported to have antimalarial activity18, and 

antioxidant activity by scavenging DPPH, OH, and superoxide radicals at 14.9 

µg/mL, 1.24 µg, and 223.3 µg/mL, respectively [32]. Despite these findings, 

its toxicity was not yet reported. Rather, only toxicity of related species was 

established. To give a few examples, the different solvent extracts of P. 

phylliraeoides and P. angustifolium extract (at 1 mg/mL concentration) were 

reported to be nontoxic (less than 50 % lethality) against Artemia franciscana 

napauli [64,65]. More so, P. angustifolium extracts are also nontoxic at 200 

µg/mL concentration evaluated using MTS (3-(4,5-dimethylthiazol-2-yl)-5- 

(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)) [66]. In 

addition, compounds extracted from P. tobira were also found to not affect the 

cell viability of NIH/3T3 cells at different concentrations (50-400 µg/mL) as 

determined using MTT assay, thus reported to be nontoxic [67]. On the other 

note, these reports were found to be contrary to the findings of this study. 

Ethanolic extracts of P. molucannum leaves, fruits, and bark are considered 

toxic to the test organism. At lower concentrations of 0.2 and 0.39 µg/mL, the 

extracts were already considered cytotoxic. 

Molluscicidal activity determination of the different plant extracts 

This test was done to determine the molluscicide effect of P. molucannum plant 

extracts on golden apple snails (P. canaliculata). Briefly, increasing concentrations 

of the plant extracts (10x CC50, 15x CC50, 50x CC50, 250 µg/mL, and 500 

µg/mL) were used in the experiment and compared to the activity of metaldehyde 

(6 µg/mL) as the positive control and DMSO as the negative control. Ten snails 

per group were assigned to each treatment. After 24 h exposure, dead snails were 

identified, and percent mortality was calculated. Dead snails were observed to be 

(a) not moving, (b) have shriveled feet that extrude out of the shell, or (c) their 

mantle collapsed so that it could be easily evicted from their shells [66,68]. 

The results of this experiment showed that the plant extracts were able to kill 

golden apple snails, similar to metaldehyde (6 µg/mL). Snails treated with the plant 

extracts were mostly not moving and had shriveled feet that extruded out of the 

shell, as snails treated with metaldehyde have mostly collapsed mantles facilitating 

the easy eviction of the snails out of their shells (Figure 4). 
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Figure 4: The molluscicidal activity of P. molucannum plant extracts against golden apple snails (P. canaliculata). The figure shows the (A) DMSO-

treated snails and the groups of snails exposed for 24 h to (B) metaldehyde (positive control), (C) leaves extract, (D) bark extract, and (E) fruit extract. 

Ten golden apple snails were grouped (10 snails per container) and were exposed to the different treatments for 24 h. Dead snails were then counted, 

and % mortality was calculated. The experiment was done in triplicates. 

Moreover, results suggest that the plant extracts exhibit molluscicide activity 

in a concentration-dependent manner (Fig. 5). No mortality against golden 

apple snails was observed on DMSO (negative control) and the plant extracts 

at 10x CC50 concentrations as compared to the 71.11 % (± 1.33 SD) mortality 

of 6 µg/mL metaldehyde (positive control). At 15x CC50 and 250 µg/mL 

concentrations, minimal activity (below the 50% threshold) was observed on 

leaves and bark extracts only. Notedly, the fruit extract exhibits minimal activity 

at 15x CC50 concentration but increases significantly to 96.47 % (± 0.47 SD) 

mortality at 250 µg/mL concentration. At 500 µg/mL concentration, the three 

extracts exhibited 100 % mortality against golden apple snails. 

 

Figure 5: The concentration-dependent molluscicidal activity of the different P. moluccanum extracts. The figure shows the % mortality of the 

different plant extracts at various concentrations. The data was obtained through immersion bioassay using golden apple snails. Briefly, ten (10) 

golden apple snails per replicate were exposed to the different treatments for 24 h. After exposure, the number of dead snails was counted, and the 

percent mortality was calculated. The experiment was done in 3 replicates (Tiexeira et al., 2011).

The application of molluscicides is an efficient measure to control snail 

infestation in agricultural lands such as rice and wheat field. Several synthetic 

compounds have already been developed for the control of these pests, such as 

metaldehyde, niclosamide, and methiocarb, to name a few; however, large-

scale use imposes toxicity on other non-target organisms and the environment 

[69]. Because of the harmful effects of synthetic molluscicidal compounds, 

this study prompted to search for efficient natural biopesticides that could 

control agricultural pest infestation that is nontoxic to non-target organisms 

and the environment. The genus Pittosporum has long been claimed to have 

pesticidal activity, particularly against snails (molluscicidal activity). In fact, 

several species were reported to exhibit molluscicidal activity. Examples of 

these species were P. tobira plant dry powder with an LC90 at 120 ppm against 

Biomphalaria alexandrina snails [24], and P. undulatum essential oil that 

exhibits 10 % (flowers and leaves) mortality against adult Radix peregra at 

100 ppm. Moreover, P. undulatum exhibits an ovicidal effect (4.2% of 

hatching), calculated as the percentage of egg hatching at 100 ppm 

concentration [70]. This reported activity was found congruent to the findings 

of this study. Pittosporum molucannum which is a related species of P. tobira 

and P. undulatum was found to cause lethality at 1250x and 2500x its CC50 values 

against P. canaliculata. This further suggests the potential of P. molucannum plant 

as a molluscicide and as a source of natural biopesticides. 

Herbicidal activity of the different P. molucannum extracts 

This experiment was performed following the methods of Feng and coworkers 

with a few modifications, such as natural photoperiod of night and day was utilized 

and seed germination was counted after 7 days of cultivation [52]. Here, ten seeds 

were grouped and exposed to 1 µg/mL glyphosate (positive control), leaves extract 

(2 µg/mL), fruit extract (3.9 µg/mL), and bark extract (2 µg/mL) accordingly. 

After 7 days, shoot growth and root length were identified and recorded. Percent 

(%) inhibition of seed germination was then calculated, and the length of the grown 

shoot and root per seed was recorded. 

The result of the experiment suggests that the plant extracts (leaves, fruits, and 

barks) at 10x CC50 concentration inhibited seed germination of the barnyard 

weeds since no root or shoot length was observed on the treated seeds (Figure 6).
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Figure 6: P. molucannum plant extracts inhibit seed germination of the barnyard weeds. The figure shows the seeds treated with (A) 1 µg/mL 

glyphosate (positive control), (B) leaves extract (2 µg/mL), (C) bark extract (2 µg/mL), and (D) fruit extract (3.9 µg/mL). Ten seeds per plate were 

exposed to the different treatments accordingly for 7 days. The experiment was done in three trials, triplicates per trial.

Moreover, % inhibition of seed germination suggests that the extract exhibit 

similar activity with glyphosate (Fig. 7). For the positive control (1 µg/mL 

glyphosate), 84.44 % ± 1.57 SD inhibition of seed germination was observed 

while 85.56 % (± 1.20 SD), 87.78 % (± 1.22 SD), and 91.11 % (± 1.28 SD) 

was observed on the leaves, fruits, and bark extracts, respectively. 

 

Figure 7: Percent (%) inhibition of barnyard weed seed germination by P. molucannum plant extracts. The figure illustrates the herbicidal activity of the 

plant extracts by measuring % seed germination inhibition. The experiment was done in 3 trials, triplicates per trial. 

Just like other pesticides, the continued use of synthetic herbicides in 

agricultural and non-agricultural plants poses health risks and pollution [71]. 

Because of this problem, several plants have been investigated for their 

allelopathic characteristics that either stimulate or inhibit the growth of their 

neighboring plant species as these allelochemicals play an important role in 

the ecological function of the plant [72,73]. Among these allelochemicals, 

terpenoids, phenolics, and nitrogen-containing compounds such as alkaloids 

were reported as the plant defense systems against external factors and plant 

growth inhibitors [73,74]. Examples of plants producing allelochemicals are 

the Pachyptera hymenaea, Anomianthus dulcis, and Ficus macrocarpa, 

Agapetes lobbii among others. These plants were observed to have strong 

(more than 50 %) inhibitory effects on germination and early seedling growth 

of radish and barnyardgrass due to their higher phenolic and flavonoid contents 

[73]. Among the Pittosporum plants, P. tobira fruits and leaves were reported 

to have herbicidal activity by exhibiting more than 60 % inhibition of root 

growth of barnyardgrass seedlings at 1000 µg/mL. The result of this 

experiment was found congruent with the report of Kim and Dong [74]. P. 

molucannum exhibits inhibition of the root growth of barnyardgrass in a 

smaller concentration than P. tobira. The ethanolic extract of P. molucannum 

leaves, barks, and fruits exhibit 85-91 % root growth inhibition at 2 µg/mL 

(leaves and barks) and 3.9 µg/mL (fruits) accordingly. Moreover, this result 

further supports the plant's potential as a source of natural biopesticides. 

Conclusion 

The preliminary findings reported in this study support the potential of 

Pittosporum molucannum plant extracts as a source of natural biopesticides that 

could be used for the control of pests such as golden apple snails and 

barnyardgrass. 
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