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ABSTRACT 
 
In this study, Peperomia pellucida was subjected to the determination of biological activity and isolation of 
chemical constituents. Two samples of this plant were used, which were the air-dried and freeze-dried. The 
sequential maceration of the plant utilized three different solvents with increasing polarities, namely 
dichloromethane, ethyl acetate and methanol. The Thin Layer Chromatography (TLC) profile showed there was no 
significant different in the chemical constituents in both samples. All six crude extracts displayed in vitro 
antimicrobial activity on Pseudomonas aeruginosa, with minimum inhibition zone 9.0±1.7 mm and no activity on 7 
other type of bacteria (Escherichia coli, Klebsiella pneumonia, Salmonella sp., Bacillus subtilis, Micrococcus sp., 
Staphylococcus aureus and Streptococcus uberis). In addition, antioxidant activity of all of the crude extracts was 
determined using DPPH (2,2-diphenyl-picryhdrazyl) radical scavenging assay. Among the extracts methanol extract 
of freeze dried sample showed the highest antioxidant activity with IC50 value of 2.45±0.20 mg/ml. The result also 
showed that the free radical scavenging activity was proportional to the concentrations of samples. The isolation of 
compound from dichloromethane extracts was performed by using various chromatographic techniques such as dry 
column vacuum chromatography, chromatotron and preparative thin layer chromatography techniques and produce 
six single compounds, with three of them were successfully characterized as dillapiole, caryophyllene oxide and 
stigmasterol. The structures of the compounds were determined using IR, UV, EIMS and NMR spectroscopies.  
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INTRODUCTION 
 

Peperomia pellucida is an annual herb from the Piperacea family which comprises of 14 genera and 1,950 species 
widely distributed in many Asia countries and South of America. It is popularly known in northeast Brazil as 
“coraҫӑozinho” (little heart), “lingua de sapo” (toad’s tongue), “erva-de-vidro” (glass grass), “erva-de-jaboti” 
(purpoise grass) and locally known as ketumpangan air, sirih cina or pansit-pansitan. P. Pellucida is well known for 
its ethnomedical properties. It is used to cure abdominal pain, abscesses, boils, malaria, convulsions, colic, fatigue, 
gout, headache and renal disorder [1-4]. Other than that, P. Pellucida is also used to treat measles, small pox, male 
impotence, mental disorder and breast cancer [2, 5]. In Brazil, the plant is also used in treatment to cure furuncles 
and skin infections [1]. It is also utilized as an emollient and to control cough and cardiac arrhythmia [6]. The plant 
is identified to reduce constipation and emaciation in human body [7]. In addition, the plant is used as facial rinse 
for acne and complexion problems. Fresh juice of stems and leaves of P. Pellucida are used to treat eye 
inflammation in South America [1, 7]. The decoction of the plant is used to decrease uric acid level and to treat 
kidney problems, gout, bone aches and arthritis [8]. Whereas, the infusion and decoction from leaves and stems 
alone was used to control blood cholesterol level and to increase the flow of urine in our body [1]. Different parts of 
the plant are used in various ways as a traditional wound healing medicine as well as wound dressing material. 
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Indians in Bolivia consumes the whole plant to stop haemorrhages [3, 9]. Moreover, the plant was recognized as one 
of the ten herbal medicines in the Philipines Approved by the Department of Health (DOH) of the country due to its 
medical properties [10]. 
 
Chemical studies carried out on Piperaceae species have revealed the occurrence of a variety of compounds 
including pyrones, lignoids, polyphenols, unsaturated amide, essential oil and alkaloid [11]. vious phytochemical 
investigation on P. pellucida have shown the presence of flavanoids, phytosterols, apiols, substituted styrenes, 
pellucidin A, a dimeric (ArC2), secolignans [12] terpenes, arylpropanoids and phenolic compounds [13-16].  
 
These species have been extensively investigated as a sources of new natural products with potential antimicrobial, 
anticancer, cytotoxicity, anti-inflammatory, analgesic, antitumor and antiedematogenic activity [5, 8, 17-19]. Some 
of the compounds isolated from this plant were evaluated for their biological activity. Patuloside A, a xanthone 
glycoside displayed weak antifungal and antibacterial. Patuloside A also cytotoxic to brine shrimp naupli [2]. 2-
Methylene-3-[(3’,4’,5’-trimethoxyphenyl) (5”-methoxy-3”,4”-methylenedioxyphenyl) methyl] butyrolactone and 
peperomine E exhibited cytotoxic activity against HL-60, MCF-7 and HeLa cell lines. The 7,8-trans-8,8’-trans-8,8’-
trans-7’,8’-cis-7,7’-bis(5-methoxy-3,4-methylenedioxyphenyl)-8-acetoxymethyl-8’-hydroxymethyltetrahydrofuran 
showed cytotoxic activity against MCF-7 cell line, and displayed an estrogen-like activity [14].   
 
Peperomia pellucida is a succulent plant, thus the drying method is important to avoid any decay of the plant prior 
to extraction. Thus two drying method were applied which were air dried and freeze dried.  Air dried methods was 
preferred by the small medium industry because the freeze dried method is expensive. In order to determine the 
better technique for drying the P. pellucida, we have performed a phytochemical examination of P. Pellucida, 
compare the TLC profiling and biological activity of the P. Pellucida crude extract obtained from different drying 
method and also from different type of solvent for extraction. The isolation and characterization of the bioactive 
compounds from local P. Pellucida is also reported. 
 

EXPERIMENTAL SECTION 
 
2.1 Collection and Preparation of Plant Samples 
Approximately 30kg of mature P. pellucida plant samples were collected from an oil palm farm in Segari, Lumut, 
Perak, Malaysia on June 2010. Plant samples which contained cuts and infection due to insect invasion were 
discarded. Plant samples were washed with running water and separated into two batches. The first batch of plant 
samples was air-dried under the shade (5 days) and further freeze-dried under -40°C (1 day) to remove any extra 
moisture that might caused problem in purification method. The second batch, the fresh sample was lyophilised 
directly in freeze dryer under -40°C (5 days). The plant wet weight and dry weights were recorded. Then the 
samples were ground using a blender into powder form.   
 
2.2 Extraction 
 Ground samples in powder form were extracted with dichloromethane (DCM) at room temperature for 48 hours at a 
time. The soaked plant materials were then filtered to collect the soluble extract, and this process was repeated until 
almost clean filtrate was obtained. The samples were filtered using Buchner vacuum filter set with whatman filter 
paper no.2 (100 Ø). Filtrates, or the DCM extracts were then evaporated under a reduced pressure at 40oC using a 
rotary evaporator. The remaining solvent was further removed by drying the sample in a laminar flow hood for a 
few days. The residues were then extracted by ethyl acetate (EtOAc) for 6 times and then followed by methanol 
(MeOH) for 6 times in same procedure. The crude extracts were used in the isolation of chemical compounds and 
determination of biological activity.  
 
2.3 Antibacterial Activity Assay 
 The microbial growth inhibitory potential of the crude extracts and pure compounds was determined by the disc 
diffusion method [20] cited by [21]. Samples of crude extracts in series concentrations, i.e. 2000 µg/disc, 1000 
µg/disc, 500 µg/disc, 240 µg/disc and 125 µg/disc were be loaded onto each Whatman No. 1 filter paper discs (Ø, 
6mm) and dried in laminar flow to remove the solvent of stock solution. Then, the discs were located on the surface 
of the previous inoculated agar. The plates were inverted and incubated for 24 hours at 37 °C. Clear inhibition zones 
around the discs indicated the presence of antimicrobial activity. The zones around the disc were measured after the 
incubation period. The experiments were performed in triplicates to determine the inhibition zone. 
 
2.4 Determination of DPPH Scavenging Activity 
The free radical scavenging activity of P. pellucida extracts was measured in terms of radical scavenging ability or 
hydrogen donating by using the stable DPPH with the standard, i.e quercetin [22]. Using 96 well plates, 20 µl each 
of 0.15625, 0.3125, 0.625, 1.25, 2.5, 5 mg/mL P. pellucida crude extracts and quercetin (in DMSO) was added. 
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Subsequently, 200 µl of DPPH (2.37g in 100 ml) was added to this mixture. After 30 minutes of incubation at room 
temperature, absorbance was measured at 517 nm using UV/visible light readers (Multiskan ascent, Thermo electron 
corporation), against DMSO as a blank. The control contained 20 µl DMSO and 200 µl of DPPH. Free radical 
scavenging activity was determined according to the equation: 
 

 
where, As is the absorbance of sample. Ac is the absorbance of control. 
 
2.5 Isolation and characterization of dillapiol (1) and caryophyllene oxide (2) 
About 36.83g of DCM extract was subjected to dry column vacuum chromatography (10 cm x 6 cm) packed with 
preparative TLC silica (Merck, Kieselgel 60 PF254 Art No. 7747). The column was eluted with hexane followed by 
gradiently increased the polarity of the solvents by adding chloroform, ethyl acetate, acetone and methanol to give 
fraction of A1-A8. Fraction A2 (5.7918g) was subjected to further isolation by column chromatography (CC) on 
silica gel (Merck 7738) to produce fraction D3 and D4. Fraction D4 was subjected to preparative column 
chromatography (PTLC, 1 mm thickness, silica gel Merck 7749) with solvent system hexane: Et2O 8 : 2. Dillapiol 
(1) appeared as light yellow liquid (8.2 mg) and was successfully isolated.  Whereas fraction D3 was subjected to 
medium pressure liquid chromatography (MPLC, silica gel: 11 x 300 mm, solvent hexane:acetone (9.5:0.5), flow 
rate 2.5 ml/min) and followed by PTLC (1 mm thickness, silica gel Merck 7749, solvent system: hexane : acetone 
8.5 : 1.5). A blue green band was observed under UV254 nm light were scraped and extracted with chloroform to give 
caryophyllene oxide (2) (99.3 mg). The structures of the compounds were determined using IR, UV, EIMS and 
NMR spectroscopy. 

 
RESULTS AND DISCUSSION 

 
3.1 Percentage yield of P. pellucida extracts based on drying method 
Since Peperomia pellucida is a succulent plant, thus method of drying is important to avoid any decay of plant 
material prior to extraction. Freeze dry method is good in preserving the chemical constituents and the biological 
activity of plant extract [23-24]. However, some small medium industry choose air dry in grafted oven rather than 
freeze dry  because the later was an expensive method for drying the sample. In this study, two batches of P. 
pellucida were dried in two ways which are air dried for 5 days followed by freeze dried for 1 day,  and freeze dried 
for 5 days.  A total of six crudes were obtained, and the percentage yield of extract is displayed in Table 1. Table 1 
shows that the extracts obtained from the fresh–freeze dried plants (DF, EF, MF) had a higher extraction efficiency 
than the air dried–freeze dried samples (DD, ED, MD). This is because freeze-drying leads to the development of ice 
crystals within the plant matrix. Ice crystals can results in a greater rupturing of plant cell structure, which allows 
better solvent penetration and extraction [25].   
 

Table 1 Percentage yield of P. pellucida extracts based on drying method 
 

Extract Weight 
(g) 

Percentage 
Yield (%wt/dry wt)

Extract Weight 
(g) 

Percentage 
Yield (%wt/dry wt) 

DD 26.9039 5.01 DF 26.0126 6.19 
ED 7.2788 1.36 EF 11.3891 2.71 
MD 50.9260 9.49 MF 57.5246 g 13.68 

DD: air dried-freeze dried Dichloromethane crude extract, ED: air dried-freeze dried  Ethyl acetate crude extract, MD for air dried-freeze dried 
Methanol crude extract, DF for fresh-freeze dried dicholoromethane crude extract, EF for fresh-freeze  dried Ethy acetate crude extract and a 

MF for fresh-freeze Methanol crude extract. 
Dry weight of air dried-freeze dried sample = 536.5 g, Dry weight of air dried-freeze dried sample = 420.4 g 

 
3.2 TLC Profiling 
TLC profiling of extracts demonstrated the presence of numerous phytochemicals. Various phytochemicals 
produced different Retention factor (Rf) values in different solvent systems. Compounds that show high Rf value in 
less polar solvent system have low polarity, while lower Rf value have high polarity. TLC profiling on 6 extracts 
were developed by different solvent polarities and were visualized under UV254nm, UV366nm, stained with iodine 
vapors and sprayed with anisaldehyde reagent (Figure 1).  
 
The TLC profiling of the extracts that extracted with the same type of solvent shows no significant differences 
between two batches of samples with different drying methods (fresh-freeze dried and air dried-freeze dried).  
However, the TLC profiles between crude extracts which extracted with different solvents were significantly 
different.  
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                       A                                         B                                     C                                    D                                     E               

 
Figure 1 TLC profiling of Peperomia pellucida crude extracts 

DD: air dried-freeze dried Dichloromethane crude extract, ED: air dried-freeze dried  Ethyl acetate crude extract, MD for air dried-freeze dried 
Methanol crude extract, DF for fresh-freeze dried Dichloromethane crude extract, EF for fresh-freeze  dried Ethyl acetate crude extract and a 
MF for fresh-freeze Methanol crude extract. Visualised under: A=ambient light, B= UV254nm, C=UV366nm, D=stained with iodine vapors, E= 

sprayed with anisaldehyde reagent. Solvent system used = Hexane : Acetone (7 : 3). TLC sheets=Merck silica gel 60F254 1.05735.001 
 

3.3 Antimicrobial activity of crude extract 
A total of eight microorganisms, Escherichia coli (gram - negative), Klebsiella pneumoniae (gram - negative), 
Pseudomonas aeruginosa (gram - negative), Salmonella sp. (gram - negative), Bacillus subtilis (gram - positive), 
Micrococcus sp. (gram - positive), Staphylococcus aureus (gram - positive), Streptococcus uberis (gram - positive) 
were used to be screened by all the crude extracts. The extracts only displayed antimicrobial activity against 
P.aeruginosa and did not show any antimicrobial activity against the rest of other bacteria tested. All the crude 
extracts had different level of inhibition against P.aeruginosa   at all concentrations (Table 2).  
 

Table 2 Antimicrobial activity of Peperomia pellucida crude extract against P. aeruginosa 
 

 Inhibition zone (mm) 
Conc (µg/disc) DD DF ED EF MD MF 

200 24.3±1.2 *∞ 39.3±1.2 22.7±1.5 22.3±1.2 31.0±1.7 
100 21.3±0.6 36.3±1.5 37.3±1.2 9.0±1.7 9.3±1.2 23.3±1.5 
50 26.0±1.0 30.0±2.0 25.0±1.0 21.7±1.2 12.7±0.6 23.7±1.2 
25 26.7±1.5 21.7±0.6 21.7±0.6 21.0±0.0 12.7±0.6 20.0±0.0 

12.5 21.7±1.5 21.7±0.6 24.7±0.6 19.0±1.0 18.7±1.2 20.0±2.0 
Control standard 

Penicillin G 10 unit 
NA 

Chloramphenicol 50 µg  Gentamicin 10 µg 
19±1.0 23±0.58 

*∞ : the zone was too big and overlap between others. 
DD: air dried-freeze dried Dihloromethane crude extract, ED: air dried-freeze dried  Ethy acetate crude extract, MD for air dried-freeze dried 
Methanol crude extract, DF for fresh-freeze dried Dichloromethane crude extract, EF for fresh-freeze  dried Ethyl acetate crude extract and a 

MF for fresh-freeze Methanol crude extract. 
 
The results obtained in this study show contradictory with those of Khan and coworkers [26]. It was reported 
dichloromethane, ethyl acetate and methanol crude extracts of P. pellucida produced anti-microbial activity against 
Escherichia coli, Klebsiella pneumoniae, Salmonella sp., Bacillus subtilis, Micrococcus sp. at 4 mg/dics. This may 
be due to the difference in sample locality which might affect their biological activity [27-28]. However, that study 
also demonstrated the ability of the extracts to kill P. aeruginosa which is in agreement with our study. Dillapiol 
may be one of the chemical constituents that are responsible for its antimicrobial activity [29-30].  
 
3.4 Free Radical Scavenging Activity 
The concentration of Quercetin and the extracts used in this study was 1mg/mL and 5mg/mL, respectively. The IC50 
of any extract that over 50% inhibition is considered to have antioxidant activity. The results in Figure 2 show that 
only MF (IC50=3.24±0.13) and MD (IC502.45±0.20) had antioxidant activity over 50% with the fresh-freeze dried 
extracts showed highest activities than to that of  the air dry-freeze dried. This difference indicates that freeze-drying 
may lead to higher extraction efficiency on extraction of antioxidant compounds.  
 

 DD   DF    ED   EF  MD  DD  DF    ED   EF  MD MF DD DF   ED  EF  MD MF DD  DF  ED  EF  MD  DD   DF    ED   EF  MD 
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Figure 2 Free radical scavenging activity of P. pellucida extracts 
DD: air dried-freeze dried Dichloromethane crude extract, ED: air dried-freeze dried  Ethy acetate crude extract, MD: air dried-freeze dried 
Methanol crude extract, DF:fresh-freeze dried Dichloromethane crude extract, EF: fresh-freeze  dried Ethyl acetate crude extract,  MF: fresh-

freeze Methanol crude extract. MF (IC50=3.24±0.13) and MD (IC50=2.45±0.20) 
 
3.5 Characterization and biological activities of dillapiol (1) and caryophyllene oxide (2)   
Dillapiol (1) and caryophyllene oxide (2) (Figure 3) in addition to stigmasterol, sitosterol and campesterol were 
successfully isolated from Peperomia pellucida dichloromethane extract.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 Structure of Isolated Compounds Dillapiol (1) and caryophyllene oxide (2) 

 
The 1H-NMR and 13C-NMR data of dillapiol (1) (Table 3) were consistent with literature values for dillapiole [31]. 
This compound was previous isolated by Bayma and co-workers [6] from P. Pellucida.  
 

Table 3 1D-NMR (1H and 13C NMR) and 2D-NMR assignments for dillapiole (1) 
 

Dill apiol 

 
C# δ

13C δ
1H mult. (JHH), 

HMBC 

COSY 
2J 3J 4J 

1 126.1(C)  H-6,H-7 H-8   
2 144.3(C)   H-7 H-10  
3 137.6(C)    H-11  
4 136.0(C)   H-6,H-12   
5 144.6(C)  H-6 H-12   
6 102.8(CH) 6.38 s, 1H  H-7   
7 33.9(CH2) 3.33 d (6.4), 2H H-8 H-6, H-9  H-8,H-9 
8 137.4(CH) 5.95 m, 1H H-7,H-9   H-7,H-9 
9 115.5(CH2) 5.07 m, 2H  H-7  H-7,H-8 
10 61.3(CH3) 3.78 s, 3H     
11 60.0(CH3) 4.04 s, 3H     
12 101.1(CH2) 5.90 s, 2H     

1 2 
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Silva and coworker [32] published that dillapole is the major volatile compound in the essential oil of P. pellucida 
with 39.7%. Since P. pellucida was used to treat epilepsy in Africa, we continue to study the enhancement effect of 
dillapiol on GABA (A) receptors as a preliminary evaluation for its antiepileptic activity. In addition, one of 
dillapiol derivatives, myristicin did show promising enhancement effect of dillapiol on GABA (A) receptors [33]. 
Various biological activities of dillapiol were reported. Dillapiol can act as a cytochrome P450  inhibitor and used in 
binary treatment with gedunin demonstrated the potential efficacy of antimalarial drugs [4], show insecticidal 
activity against European Corn Borer (ECB) Ostrinia nubilalis [34], fungicidal, antimicrobial activities and have 
genotoxic effect on dengue mosquitoes, Aedes aegypti [29]. 
 
The 1H NMR, 13C NMR data and HMBC correlation of caryophyllene oxide (2) were given in Table 4.  From 
previous literature, 3.8% of caryophyllene oxide was found in the essential oil of P.pellucida [30]. An MTT assay 
was conducted against several cancer cell lines to resolve an ongoing controversy regarding the cytotoxic effects of 
β-caryophyllene oxide. β-caryophyllene oxide produced potent cytotoxic activity against HepG2, AGS, HeLa, SNU-
1, and SNU-16 cells, with IC50 values of 3.95, 12.6, 13.55, 16.79, and 27.39 µM, respectively. The results also 
showed that β-caryophyllene oxide exhibited cytotoxicity activity in both a dose-dependent and time-dependent 
manner [35]. 
 

Table 4 1D-NMR (1H and 13C NMR) and 2D-NMR assignments for caryophyllene oxide (2) 
 

Caryophyllene oxide  

C# δ
13C (DEPT) δ

1H mult. (JHH), 
HMBC COSY 

2J 3J  
1 50.8 (CH) 1.79 t, 1H H-9,H-2,H-2’ H-3,H-3’,H-14,H-15 H-2,H-9 
2 27.2 (CH2) 1.45 m, 1H,1.66 m, 1H H-3,H-3’ H-9 H-1,H-3 
3 39.2 (CH2) 0.99 m, 1H,2.10 m, 1H H-2 H-5,H-12 H-2 
4 59.8 (C)  H-3,H-3’,H-5, H-12 H-2’,H-6,H-6’  
5 63.8 (CH) 2.90 dd, 1H H-6 H-3’,H-7,H-7’, H-12 H-6 
6 30.2 (CH2) 1.36 m, 1H,2.27 ddd, 1H H-5 H-7,H-7’ H-5,H-7 
7 29.8 (CH2) 2.14 m, 1H,2.37 ddd, 1H H-6,H-6’ H-9,H-13,H-13’ H-6 
8 151.9 (C)  H-7,H-7’,H-9 H-6,H-6’, H-10, 

H-10’ 
 

9 48.7(CH) 2.64 q, 1H H-1,H-10,H-10’ H-2’,H-7,H-7’ H-1,H-10 
10 39.8 (CH2) 1.61 m, 1H,1.70 m, 1H H-9 H-13,H-13’H-14, 

H-15 
H-9 

11 34.0 (C)  H-1,H-10,H-10’, H-14,H-15   
12 17.0 (CH3) 1.23 s, 3H  H-3’,H-3  
13 112.8 (CH2) 4.89 s, 1H,5.00 s, 1H  H-7,H-7’,H-9  
14 21.6 (CH3) 1.03 s, 3H  H-1,H-10,H-10’, 

H-15 
 

15 29.9 (CH3) 1.01 s, 3H  H-14,H-10,H-10’  

 
CONCLUSION 

 
Fresh – freeze dried samples produced higher percentage in the yield of extracts; dichloromethane extract (6.19 %), 
ethyl acetate extract (2.71 %) and methanol extract (13.68 %) compared to air dried – freeze dried sample have 
lower percentage yield; dichloromethane extract (5.01 %), ethyl acetate extract (1.36 %) and methanol extract (9.49 
%). The extracts P. pellucida demonstrated antimicrobial against P.aeruginosa. Fresh-freeze dried MeOH and air 
dried – freeze dried methanol extracts exhibited DPPH free radical scavenging activity, with IC50 value of  
2.45±0.20 mg/mL and 3.24±0.13 mg/mL, respectively. Dillapiole, and caryophyllene oxide were successfully 
isolated from P. pellucida dichloromethane extract. Our finding showed different drying method used in this study 
did not affect the antioxidant and antimicrobial activity and chemical constituents of Peperomia pellucida. This may 
be good because it benefit people in small medium industry as they do not need to use an expensive machine such as 
freeze drier to dry the Peperomia pellucida. They  just can used air dried, which is cheaper and also can   preserved 
their chemical constituent and their biological activity comparable to freeze dry method.  
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