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Introduction

Inflammation is the immune system's response to an 
infection and injury. It has been associated with the 
pathogenesis of cancer, arthritis, cardiovascular, and 
neurodegenerative diseases. Intrinsically, inflammation is 
beneficial in the removal of offending factors and restoration 
of tissue structure and physiological function after injury [1]. In 
the inflammatory process, arachidonic acid is the precursor of 
inflammatory mediators. These arachidonic acids are 
converted by the cyclooxygenase (COX) pathway into 
prostaglandins which play a key role in the generation of 
inflammatory response [2]. However, the prostaglandins 
produced depend on the activity of cyclooxygenases. Excess 

activation of arachidonic acid results into a massive production 
of prostaglandins and is considered the underlying mechanism 
associated with cancer and other diseases. Their biosynthesis 
is significantly increased in inflamed tissue, and they 
contribute to the development of acute inflammation [3]. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
over-the-counter medications used to treat pain and 
inflammation by the reduction of prostaglandin production 
in the body [4]. However, these NSAIDs pose some adverse 
effects in the gastrointestinal tract that cause gastric 
mucosal damage with ulcer formation, bleeding, and 
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Background: Earlier studies reported the anti-inflammatory activity in several species of Piper, and Piper 
umbellatum Linn. leaves containing some phytochemicals that are potent anti-inflammatory agents. 
However, there was no thorough investigation on the anti-inflammatory activity of the locally grown P. 
umbellatum in the Philippines.  

ABSTRACT

Results: Among the crude extracts of P.umbellatum, the crude ethyl acetate extract exhibited a significant 
dose-dependent inhibition on paw edema test with doses of 500 mg/kg bw, 1,000 mg/kg bw and 1,500 mg/kg 
bw (p<0.05). Among the 20 pooled fractions (PF) collected from the ethyl acetate extract, PF58, PF60 and 
PF64 had the highest COX-2 enzyme inhibitions of 83.12 %, 84.78% and 77.47%, respectively (p<0.05). PF60 
also exhibited the highest anti-inflammatory activity on paw edema with inhibitions of 62.45% at low dose 
(250 mg/kg bw) and 76.10 % at high dose (1,000 mg/kg bw) in mice.

Objective: The study aimed to determine the anti-inflammatory activity of Piper umbellatum leaves using in 
vitro and in vivo assays. 
Methodology: Crude extracts were obtained from P. umbellatum leaves using polar and non-polar solvents. 
The anti-inflammatory activities of all crude extracts were determined using the carrageenan-induced paw 
edema test in mice and phytochemical analysis. The crude extract with the highest activity was partially 
purified using column chromatography. The fractions with similar TLC profile were pooled and tested for anti-
inflammatory activity.  COX-1 and COX-2 enzyme inhibitory activity were determined in pooled fractions that 
showed initial activity in animal model.

Conclusion: The ethyl acetate extract of P. umbellatum leaves and its fraction-PF60 exhibited a significant 
anti-inflammatory activity in in vitro and in vivo assays and contained high amounts of total phenolic and total 
flavonoid.

Keywords: Piper umbellatum, cyclooxygenase, carrageenan, inflammation, inhibition

Research and Development
Philippine Journal of Health 

Phil J Health Res Dev October-December 2022 Vol.26 No.4, 42-5442



perforation [5,6]. Some cyclooxygenase-2 (COX-2)-selective 
NSAIDs are also associated with an increased risk of 
cardiovascular diseases [7]. 

Hence, medicinal plants with anti-inflammatory activity 
are, nowadays, becoming popular because of their minimal 
side effects [8]. One of the medicinal plants used for various 
purposes is Piper umbellatum, popularly known as 
“Kamamba.” P. umbellatum possesses antioxidant, 
antibacterial, antifungal, anti-atherogenic, antispasmodic, 
antiprotozoal, analgesic, and cytotoxic properties. Its 
popularity as an effective therapy for diarrhea, malaria, 
toothache, diabetes, skin diseases dysentery, and colitis has 
been documented [9] In addition, other species of Piper 
such as Piper guineense, Piper chaba, Piper nigrum, Piper 
sarmentosum, Piper longum and Piper betle are known to 
exhibit anti-inflammatory effect [10].

Previous chemical analyses showed that the leaves of P. 
umbellatum contain very high amounts of steroids, 
moderate amounts of phenols, flavonoids and saponins 
with little traces of tannins and alkaloids [11]. The 
concentrations of phenols, flavonoids and saponins present 
in P. umbellatum leaves suggest its  potential for anti-
inflammatory activityy. Thus, this study investigated the 
anti-inflammatory activity of P. umbellatum.

Methodology

Chemicals  and  Reagents
 

Plant Sample

The materials and reagents used in this study were the 
following: analytical grade solvents (Merck, ACS, Germany): 
hexane, ethyl acetate, methanol and ethanol and dimethyl 
sulfoxide (DMSO); freshly prepared phytochemical reagents; 
Dragendorff's reagent, Mayer's reagent, Hager's reagent, 
Wagner's reagent, acetic anhydride, sulphuric acid, chloroform, 
ferric chloride solution, gelatin-salt solution, ammonia, 
ninhydrin reagent, hydrocholoric acid, gallic acid, folin ciocalteu 
reagent, sodium carbonate, quercetin and aluminum chloride; 
saline solution, mineral oil,  carrageenan lambda (Marcel, 
Philippines), COX Assay Kit (No. 760111, Cayman Chemical, 
USA), aspirin (Cortal, Pharma-Rex, Philippines) and celecoxib 
(Celebrex, Pfizer Pharmaceuticals LCC, USA). 

The plant leaves were collected from a farmland in Brgy. 
Kulapi, Lucban, Quezon near Southern Luzon State University 
in October 2017, 14.1127° N, 121.5612° E. A voucher 

The plant extracts (hexane, ethyl acetate, methanol, 
ethanol and aqueous) were spotted in a pre-coated silica gel 
60 F254 thin layer chromatography plates with a diameter 
of two-five mm. The plate was developed with hexane-ethyl 
acetate-glacial acetic acid solution (9:5:0.1) and was 
inspected under ultraviolet (UV) light; short wave (240 nm) 
and long wave (365 nm) prior to the spraying of the 
visualizing agent (5% sulfuric acid-methanol solution) for 
general visualizing agent for secondary metabolites.  
Retardation Factor (Rf) values were computed by the 
distance of the solute over the distance of the solvent from 
the point of application.

Plant  Sample Extraction 

Air-dried leaves (150 g) of P. umbellatum were pulverized 
using a laboratory blender and underwent a serial 
extraction with hexane (3 x 500mL), ethyl acetate (3 x 
500mL), methanol (3 x 500mL) and lastly ethanol (3x 500mL) 
and were concentrated using a rotatory evaporator until a 
gel like crude mass was obtained.  The remaining volume (5-
10 mL) of each extract were air dried.  Another batch (150g) 
of pulverized leaves were extracted with distilled water 
separately three times. The extract was boiled with water 
for three minutes, and the decoction of aqueous extract was 
freeze-dried. All plant extracts were properly labeled and 
stored at a temperature between 0-5 °C until further use. 
Percentage yield was computed using the weight of crude 
extract divided by the weight of the dried leaves.

 

Thin Layer Chromatography
 

specimen of the P. umbellatum was deposited and 
authenticated at the Jose Vera Santos Herbarium of the 
Institute of Biology, University of the Philippines, Diliman.

The hexane, ethyl acetate, methanol, ethanol, and 
aqueous extracts of P. umbellatum leaves were tested for the 
presence of alkaloids, amino acids, steroids, tannins, 
phenols, flavonoids, saponins, and glycosides following the 
protocol used by Bhandary et al. (2012) with some 
modifications. The results were expressed as positive (+) for 
the presence and negative (−) for the absence of the 
phytochemical. The presence of the alkaloids was  detected 
using Mayer's, Wagner's, Hager's and dragendorff's tests; 
steroids using Liebermann-Burchard test; terpenes and 
terpenoids using Salkowski's test; tannins using ferric 
chloride and gelatin tests; saponins using froth tests; cardiac 
glycosides using keller-killiani test; reducing sugars using 

Phytochemical  Screening [12]
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The partial purification of ethyl acetate crude extract was 
carried out using gradient elution column chromatography, 
packed with 30 g of silica (0.2-0.5 μm size). One gram of crude 
extract was dissolved in hexane and added in the column. 
Elution of the compounds started with 100% hexane, followed 
by mixtures containing 90% hexane-10% ethyl acetate and 
successive mixtures of 80-20%, 70-30% up to 100% ethyl 
acetate [14]. The fractions were also subjected to thin-layer 
chromatography and 5 % sulfuric acid-methanol was used as a 
general visualizing agent for secondary metabolites.

The basal diameter of both paws (1.8-2.0 mm) was 
determined prior to administration of any treatments and paw 
edema (2.4-2.7mm) was measured with a digital Vernier 
caliper. All the crude extracts (hexane, ethyl acetate, methanol, 
ethanol and aqueous) at 300 mg/kg bw concentration were 
subjected to paw edema assay. The extract which exhibited 
significant anti-inflammatory activity was further evaluated. 

The ethyl acetate extract found with significant activity 
was further tested using 500mg/kg bw as low dose, 
1000mg/kg bw for medium dose and 1500mg/kg bw for high 
dose which were formulated from its safety profile result. 
The mice were randomly divided to seven groups with six 
mice per group (n=42) and all the studies used negative 
control (NSS and mineral oil) and positive control [aspirin (25 
mg/kg bw) and celecoxib (20 mg/kg bw). NSS was used to 
dissolved polar extracts and mineral oil was used to 
dissolved nonpolar extracts.  The right hind paw volume was 
evaluated every hour after carrageenan injection for a 
maximum of 4-6 hours [13]. The percentage of inhibition was 
calculated using the final paw volume subtracted to the 
initial paw volume divided by the initial paw volume then 
multiplied by 100 % using the formula below: 

Both ethyl acetate crude extract and its bioactive fractions 
were evaluated using COX colorimetric inhibitor screening 
assay kit (No. 76011; Cayman Chemicals). The peroxidase 
activity was assayed by monitoring the appearance of 
oxidized N,N,N',N'-tetramethyl-p-phenylenediamine (TMPD) 
at 590 nm using plate reader. Both isomers COX-1 and COX-2 
enzymes were used to screen isozyme-specific inhibitors. 

where Ct= Final Paw Volume and C₀=Initial Paw Volume.

Partial Purification

COX-1 and COX-2 Inhibition Assay [15]

Animal experiments were conducted using ICR mice 
(20–30g, 90 days old) procured from the Research Institute for 
Tropical Medicine (RITM) and housed at the UP College of 
Medicine Multidisciplinary Laboratory Animal Room with 

controlled temperature at 22 ± 3 °C and under a 12h light/dark 
cycle, with free access to food and water. Animal care and 
research protocols were approved by the Institutional Animal 
Care and Use Committee (IACUC), UP Manila with IACUC 
Protocol No. AR-2018-252 issued on May 25, 2018. All animals 
were acclimatized for one week prior to anti-inflammatory 
assay using carrageenan-induced paw edema method. 

Molisch; glycosides using modified borntrager's test; amino 
acids using ninhydrin test; flavonoids using Shinoda test, 
phenols using ferric chloride test; betacyanin and coumarins 
using alkaline reagent test and free athraquinone test. 

The phenolic and flavonoid content of all extracts of P. 
umbellatum were determined using Folin-Ciocalteu and 
aluminum chloride methods, respectively. The total phenolic 
content of the five extracts was expressed in milligrams of 
gallic acid/grams of sample, while the total flavonoid content 
was expressed in milligrams of quercetin/grams of sample. 
Amounts were derived from a standard curve.

Animal Experiments

Preparation of the Test Animal 

Safety Profile of Ethyl Acetate Extract

Inflammation was induced on the right hind paw with a 
100 μL of 1% lambda carrageenan in normal saline and 100 μL 
of normal saline solution on the left hind paw as sham-control. 

Carrageenan-Induced paw edema assay of extracts

The safety profile testing of the extracts followed the 
IACUC recommendation of 2,000 mg/kg dosage. Thirty mice 
were not given food but had ad libitum access to water four 
hours prior to treatment. Five mice per treatment were used 
for the negative and extract groups. These groups were: 1) 
negative control (NSS and mineral oil), 2) extracts (hexane, 
ethyl acetate, methanol, ethanol and aqueous. NSS was used 
to dissolved polar extracts and mineral oil was used to 
dissolved nonpolar extracts. The extracts were prepared with 
a volume not exceeding one mL/100g of body weight (bw). A 
fixed dose level of 2,000 mg/kg bw was used and administered 
to animals. Mice were observed for toxic symptoms and 
behavioral changes after 30 minutes, periodically and daily for 
14 days. Mortality after 14 days was observed and recorded.
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The results were expressed as mean ± Standard Error 
Mean (SEM) and the data obtained from the negative control 
group were used as a baseline value. Means, SEM, and 
standard deviations were calculated from triplicates within 
the experiments. Statistical analysis was done using one-way 
analysis of variance (ANOVA) and mixed ANOVA with repeated 
measures followed by the Tukey's post hoc test for multiple 
comparisons. The statistical significance was set at P <0.05.

The pooled fractions with the highest COX-2 inhibition 
from ethyl acetate extract, were also subjected to the 
carrageenan-induced paw edema test. The mice were 
randomly divided into ten groups with six mice per group 
(n=60). Negative control (NSS and oil), positive control 
[aspirin (25 mg/kg bw) and celecoxib (20 mg/kg bw)], and 
the treatment group [fractions-PF58, PF60, PF64 (250 
mg/kg bw and 1,000 mg/kg bw)] were introduced via oral 
gavage one hour after administration of carrageenan in the 
paws. The right hind paw volume was evaluated every hour 
for six hours after carrageenan injection.

Statistical  Analysis

Carrageenan-induced Paw Edema on  Selected Fractions

Extraction of  Plant Samples 

Results

 

The crude extracts of P. umbellatum leaves (150 g) were 
obtained from serial extraction using hexane, ethyl acetate, 
ethanol, methanol and a decoction extraction for aqueous 

Aspirin and celecoxib served as the positive controls for 
comparison. The standard reference drug, ethyl acetate 
extract and fractions (1mg/mL) were dissolved in 1% 
dimethyl sulfoxide (DMSO). The assays were done in 
triplicates. The mean absorbance for each blank, sample, and 
inhibitor treated wells were determined. The percentage of 
COX activity inhibition was calculated using the absorbance of 
the inhibitor wells subtracted from the absorbance of the 
100% initial activity divided by the absorbance of the 100 % 
initial activity then multiplied by one hundred.

 
Phytochemical  Analysis

Among the extracts of P. umbellatum (Table 3), ethyl 
acetate showed the highest total phenolic content (TPC) 
with 164.98± 17.99 mg GAE/g followed by hexane, ethanol, 
methanol, and aqueous extracts. Hexane extract exhibited 
the highest total flavonoid content (TFC) of 4.30 ± 0.06 mg 
QE/g while Aqueous extract showed the lowest content of 
both phenolic (29.33 ± 2.43 mg GAE/g) and flavonoid (1.8 ± 
0.03mg QE/g).

Phytochemical screening was performed on the five 
extracts of P. umbellatum. The screening confirmed the 
presence of constituents which are known to exhibit 
medicinal and physiological activities as reported in the 
literature. The results (Table 2) revealed the presence of 
steroids, triterpenes, general carbohydrates, cardiac 
glycosides and flavonoids in all extract types, while 
alkaloidal and saponin components were absent in this 
plant. Variations between extracts of P. umbellatum leaf 
were observed. Phenols, coumarins and tannins were all 
present in ethyl acetate, ethanol and aqueous extracts but 
were absent in hexane and methanol extracts. Triterpenes 
was only found in methanol, while betacyanin was found in 
both methanol and ethanol extracts only. 

Safety  Profile 

extract. Table 1 showed that the aqueous extract gave the 
highest percentage yield of 40.47%, while the hexane and ethyl 
acetate extracts had the lowest percentage yield. Polar extracts 
(ethanol, methanol and aqueous) had a higher percentage 
yield than nonpolar extracts (hexane and ethyl acetate).

Table 4 showed the toxic effects of the crude extracts 
(hexane, ethyl acetate, ethanol, methanol and aqueous)  on 
the general appearance and the general behavioral pattern 
on mice in a span of 14 days. A single dose level of 2,000 
mg/kg bw of the extracts were administered and there were 
no immediate toxic symptoms or mortality observed on 
mice within the day. Animals in both vehicle-treated and 

Anti-inflammatory activity of Piper umbellatum Linn. leaf extracts

Table 1. Percent yield of Piper umbellatum leaf extracts.

Extracts Color Texture Weight (grams) recovered crude Percentage %

Hexane dark green sticky 10.20 6.81

Ethyl acetate dark green sticky 10.31 6.87

Ethanol dark green sticky 17.24 11.49

 Methanol dark green sticky 15.14 10.09

Aqueous ashy green dry, porous 60.71 40.47
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extract-treated were normal and did not display significant 
changes in appearance and behavior. This safety profile test 
determined that the extracts were fit for consumption in 
mice models. 

 
The pilot study showed that among the extracts, ethyl 

acetate exhibited significant anti-inflammatory activity at 
300mg/kg bw. Thus, the ethyl acetate extract was subjected 
to the main paw edema test. Figure 1 shows that all dosages 
of ethyl acetate extracts showed significant inhibition of 
paw edema in mice, with maximum inhibition of 67.64% 

Carageenan-induced Paw Edema on Extracts

The EtOAc medium dose (1,000 mg/kg bw) was 
comparable with (25 mg/kg bw) aspirin having difference in 
inhibition of 0.87 % only (p>0.05). A difference of 10.56 % and 
2.42 %  was  also seen with a low (500 mg/kg bw) and high 
dose (1,500 mg/kg bw) of ethyl acetate extracts when 

(low dose-500 mg/kg bw), 77.33 % (medium dose-1,000 
mg/kg bw) and 80.62% (high dose-1,500 mg/kg bw) 
(p<0.05). Aspirin treatment produced a 78.20 % inhibition 
while celecoxib treatment showed 90.58% inhibition. A 
dose-dependent inhibition was observed, as the dosages of 
the ethyl acetate extract increased, the inhibition also 
increased compared with the negative control (p<0.05). 

Table 2. Phytochemical screening of Piper umbellatum leaf extracts. 

Test Hexane Ethyl acetate Ethanol Methanol Aqueous

Alkaloids  –  –  –  –  – 

Steroids  + + + + +

Terpenoids + +  –  – +

Flavonoids + + + + +

Triterpenes  –  – +  –  – 

Tannins  – + +  – +

Saponins  –  –  –  –  – 

Phenols + + + + +

Carb-Glycosides

 *Anthraquinone  –  –  –  –  – 

*Cardiac  + + + + +

Gen. Carb. + + + + +

Amino Acids  –  –  –  –  – 

Quinones  –  –  –  –  – 

Anthraquinones  –  –  –  –  – 

Betacyanin  –  – + +  – 

Coumarins  – + +  –  – 

(+) represents presence of the phytoconstituent; (-) represents absence of the phytoconstituent

Table 3. Total phenolic and flavonoid contents of Piper umbellatum leaf extracts.

Plant Extracts Total Phenolic Content
(mg GAE/g) (mg GAE/g)

Total Flavonoid Content 

Hexane 149.79 ± 13.12 4.30 ± 0.06

Ethyl acetate 164.98 ± 17.99 2.72 ± 0.02

Ethanol 57.39 ± 4.72   2.10 ± 0.02

Methanol  40.51 ± 1.10 1.90 ± 0.02

Aqueous  29.33 ± 2.43 1.80 ± 0.03

Values were expressed as “mean ± SD”. GAE: Gallic Acid equivalent, QE: Quercetin equivalent.
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Table 4. General appearance and behavioral observations of control and treated groups

Observations Salivation  Tail 
Erection

Pilomotor Micturition Colpectasia Robichaud Circling 
motion

Abdominal 
Gripping

Tail 
Lashing

Mean Weight 
(g)

Control: 
NSS

Day 1 0 0 0 0 0 0 0 0 0 31.00 ±  0.58 

Day 14 0 0 0 0 0 0 0 0 0 31.67 ±  0.88

Control: 
Oil

Day 1 0 0 0 0 0 0 0 0 0 31.33 ±  0.88 

Day 14 0 0 0 0 0 0 0 0 0 33.67 ±  1.45

Hexane Day 1 0 0 0 0 0 0 0 0 0 33.20 ±  0.49

Day 14 0 0 0 0 0 0 0 0 0 32.60 ±  0.93 

Ethyl 
acetate

Day 1 0 0 0 0 0 0 0 0 0 31.40 ±  0.68

Day 14 0 0 0 0 0 0 0 0 0 31.20 ±  0.58

Ethanol Day 1 0 0 0 0 0 0 0 0 0 31.80 ±  0.20

Day 14 0 0 0 0 0 0 0 0 0 32.00 ±  0.24 

Methanol Day 1 0 0 0 0 0 0 0 0 0 30.20 ±  0.37

Day 14 0 0 0 0 0 0 0 0 0 30.40 ±  0.40  

Aqueous Day 1 0 0 0 0 0 0 0 0 0 25.00 ±  0.89

Day 14 0 0 0 0 0 0 0 0 0 24.20 ±  0.68

Observations are scores as “0” for normal, “1”  mild change and “2”  severe change. Values in weight are expressed as mean ± SEM

compared with Aspirin. All dosages of the ethyl acetate extract 
showed no significant differences with Aspirin (p>0.05). 
Comparing the inhibitions of EtOAc low, EtOAc medium and 
EtOAc high with celecoxib, the differences were 22.94 %, 
13.25 % and 9.96 %, respectively, (p>0.05). 

The inhibition of low and medium doses (500 mg/kg bw  

and 1,000mg/kg bw) of ethyl acetate extract plateaued but 
there was a decrease in  activity at the 6th hour. However, the 
high dose (1,500 mg/kg bw) of ethyl acetate extract 
maintained its activity even beyond the 6th hour. The high 
dose plateaued at the 4th hour until the 6th hour.

Figure 1. Inhibitory effect of P. umbellatum ethyl acetate extract in low, medium and high dosages in carrageenan induced paw 
edema in mice; NSS and oil were used as a negative control while Aspirin and Celecoxib were used as positive controls. 
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The solvent system and its corresponding ratio were 
obtained via trial and error method to dissolve extract and 
isolate its components for further study. The TLC profile results 
of ethyl acetate extract showed significant indication of the 
presence of a variety of secondary metabolites. Blue, violet, 
brown and green spots were observed from the TLC plate. The 
result indicated that hexane-ethyl acetate solvent is a good 
solvent system for further separation of compounds using 
column chromatography. There were 71 fractions collected 
from the ethyl acetate extract via column chromatography by 
gravity. These fractions were subjected to thin layer 
chromatography and a similar profile was pooled. There were 
20 pooled fractions tested for in vitro COX-1 and COX-2 
enzyme inhibitory assays. 

COX-1 and COX-2 Enzyme  Inhibition Assay
 
The inhibitory activity of the ethyl acetate extract and the 

bioactive pooled fractions against COX-1 and COX-2 were 
determined. As shown in Figure 2, the ethyl acetate extract 
inhibited the COX-1 and COX-2 enzymes by 52.12 % and 34.96 
%, respectively. The inhibition of COX-1 and COX-2 enzymes of 

Thin-layer Chromatography and  Purifications ethyl acetate extract was comparable to aspirin, which 
inhibited the activity by 47.30 % and 41.49 %, respectively 
(p>0.05). The ethyl acetate extract was also comparable with 
the COX-1 inhibition of celecoxib, which inhibited by 38.00 %. 
However, celecoxib inhibited the COX-2 enzymes largely at 
95.17 % than the ethyl acetate extract (p<0.05).

Among the 20 pooled fractions, PF58, PF60, and PF64 
fractions showed the highest COX-2 inhibition of 83.12%, 
84.78%, and 77.47%, respectively. Celecoxib (1000 g/mL) 
inhibited the COX-2 enzyme by 95.17% which was higher than 
the said fractions by 12.05%, 10.39 %, and 17.71%, respectively. 
On the other hand, both celecoxib (1000 g/mL) and the three 
fractions showed a lower inhibition on the COX-1 enzyme by 
38%, 19.68%, 29.52% and 26.84 %, respectively. The difference 
in the inhibitory activity between Celecoxib and the fractions 
was not significant. These pooled fractions were further tested 
for their  activity using in vivo anti-inflammatory assay.

Carrageenan-induced  Paw Edema on Selected  Fractions

Figure 3 shows that the PF58, PF60 and PF64 fractions 
significantly inhibited paw edema in mice with PF60 having 
the highest inhibition of 62.45% (low dose) and 76.10% (high 

*a denotes P<0.5 comparison of treatments vs Celecoxib; *b denotes P<0.5 comparison of treatments vs Aspirin.  
NSS was used as negative control while Aspirin and Celecoxib were used as positive controls. 

Figure 2. COX-1 and COX-2 inhibitory activity of Piper umbellatum ethyl acetate extract and pooled fractions. 
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Figure 3. Inhibitory effect of selected fractions of P. umbellatum ethyl acetate extracts in carrageenan induced paw edema in 
mice; NSS and oil were used as a negative control while Aspirin and Celecoxib were used as positive controls.

dose) (p<0.05). The PF58 produced an inhibition of 50.97% 
(low dose) and 66.21 % (high dose) while the PF64 had a 
51.96 % (low dose) and 54.76 % (high dose) inhibition. The 
inhibition of the PF60 low dose (250 mg/kg BW) was 
significantly lower compared with celecoxib (p<0.05). 
Similarly, the inhibition of PF60 high dose was comparable 
with aspirin and celecoxib (p>0.05). 

Discussion 

Steroids, triterpenes, carbohydrates, cardiac glycosides, 
phenols and flavonoids were present in all extract types of P. 
umbellatum. Among these phytochemicals, phenols and 
flavonoid are commonly found in the Piper species and are 
also known to exert strong antioxidant activities that are 
correlated to numerous anti-inflammatory effects [17-18] . 
Thus, the phenolic and flavonoid content were determined. 
The result revealed that P. umbellatum contained 

The study examined the anti-inflammatory activity of P. 
umbellatum extracts of the leaves and selected fractions of 
the ethyl acetate extract through COX inhibition assay and 
carrageenan-induced paw edema in mice. Results of the 
extraction process showed that different solvents produced 
different amounts of percentage yield. The aqueous extract 
of P. umbellatum leaves exhibited the highest amount of 
percentage yield indicating that the extraction process 
favors the highly polar solvents. Possibly, the plant contains 
high levels of polar compounds that are soluble in polar 
solvents such as aqueous [16].

The ethyl acetate crude extract of P. umbellatum 
significantly inhibited inflammation, dose-dependently, up to 
5-6 hours by which prostaglandins are supposed to be 
released. During this time, the release of prostaglandins 
causes inflammation and pain to mice and the activity of the 
ethyl acetate extract must be seen. The inhibition of low and 
medium doses (500 mg/kg bw and 1,000mg/kg bw) of ethyl 
acetate extract plateaued from the 4th to 5th hour but there 
was a decrease in activity at the 6th hour. However, the high 

remarkable levels of phenols and flavonoids in ethyl acetate 
and hexane extracts. This may be attributed to the phenolic 
compounds which have higher molecular weights or 
possess more phenol groups in ethyl acetate and hexane 
extracts (Do et al., 2014). Other species of Piper with 
reported anti-inflammatory activities also have  high 
phenolic and flavonoid content such as Piper nigrum, Piper 
sarmentossum, Piper guineense and Piper betle [19-22] .

This study tested the anti-inflammatory activity of the five 
extracts of P. umbellatum through carrageenan-induced paw 
edema in mice. As a background, the administration of 
carrageenan into the mouse hind paw induces a biphasic 
inflammatory edema. The initial phase of inflammation (1-2 
hrs) releases a cascade of mediators like histamine, 
bradykinin, and serotonin by the cells near the carrageenan 
injection.  These mediators promote an increase in vascular 
permeability and signal for arachidonate metabolites 
(prostaglandins and leukotrienes) and nitric oxide release, 
until the 6th hour, and for the 2nd phase of inflammation [23].
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dose (1,500 mg/kg bw) of ethyl acetate extract maintained its 
activity even beyond the 6th hour. The same trend has been 
shown by other species of Piper such as Piper chaba which 
reduces paw edema at 1,200 mg/kg bw until the 5th hour 
[24]. Piper sarmentossum inhibits paw edema at 100 mg/kg 
[25].  In addition, the ethyl acetate extract of P. umbellatum 
was found to have no adverse toxic effects on mice and fit for 
consumption. 

Among the active pooled fractions, the PF60 had the 
highest inhibition of both COX-2 enzymes and on 
carrageenan-induced paw edema test in mice. A variety of 
phenolics, flavonoids and catechol present in P. umbellatum 
could be the reason for these activities.  The least amount of 
16.02 mg GAE/g of phenols, 3.61 mg QE/g of flavonoids and 
3.16 mg CE/g of catechol is shown to provide an anti-
inflammatory effect [27] The phytochemical screening 
confirms the presence of phenolic compounds such as 
flavonoids. They are present in all varieties of the extracts of 
P. umbellatum from nonpolar to polar extracts. The anti-
inflammatory mechanism of action of phenols is known to 
reduce NF-kB transcription by the inhibition of I-kB kinase 
activity [28-30]. Furthermore, the anti-inflammatory activity 
has been reported by Manthey, Grohamanu & Guthric (2001) 
that phenolics and flavonoids can interrupt the oxidative 
generation of the arachidonic acids (AA) from phospholipids 
and reduce the production of inflammatory metabolites from 
AA metabolism due to their potent antioxidant capacity [31].

 
In addition, Yu (2020) states that the methanolic extract 

of P. umbellatum leaves has more than 50% free radical 

Since the ethyl acetate extract inhibited paw edema in the 
1st and 2nd phase of inflammation, these findings suggest 
that this effect is similar to the action of the non-steroidal 
anti-inflammatory drugs. The ethyl acetate crude extract and 
pooled fractions significantly inhibited both COX-1 and COX-2 
enzymes, which have similar actions with aspirin. Among the 
pooled fractions of the ethyl acetate extracts, the PF58, PF60, 
and PF64 showed the highest inhibition against COX-2 
enzymes. These pooled fractions have the same trend with 
celecoxib 20 mg/kg in inhibiting COX-2 enzymes. Thus, the 
pooled fractions may have selective COX enzyme activity in 
inhibiting the anti-inflammatory response. When the COX-2 
inhibition of the active pooled fractions was compared to 
celecoxib, a lower difference was seen than the crude ethyl 
acetate extract. The same trend was seen with other species 
of Piper such as the crude extract of Piper nigrum which 
inhibited the COX-2 enzymes at 200 ug/mL by 31 % and its 
active compound at 25 ug/mL by 80% [26]. 

scavenging even at the lowest concentration of 33.33 μg/mL 
in DPPH and FRAP assays [32]. Studies also show that there is 
a strong correlation with the amount of phenolic/flavonoid 
with the antioxidant activities of P. umbellatum as supported 
by Geetha, Irulandi & Mehalingam (2017)[33]. Thus, the 
effectiveness of the P. umbellatum as used in folk medicine 
to suppress inflammatory responses may be due to the 
phytochemicals present in the plant and the capacity to 
reduce oxidative stress. 

Studies also state that the P. umbellatum extract contains 
β- sitosterol and catechin that could be responsible for the 
inhibition of arachidonate metabolites generation [34]. 
Earlier studies showed that catechins inhibit the adhesion and 
migration of neutrophils that includes the suppression of the 
production of chemokines at the site of inflammation and 
reduction of the level of PGE2 in rats [35-37]. Based on the 
study of Nuñez et al. (2005), an isolated 4-nerolidylcatechol 
from P. umbellatum significantly inhibited the edema-forming 
activity of Bothrops asper and Bothrops atrox mycotoxins 
injected in mice, which could be one of the reasons for the 
inhibitory effect on inflammation in mice models [38].

 

These evidences clearly reflect the ability of P.umbellatum 
to be a potential anti-inflammatory agent through inhibiting 
paw edema in mice and both COX-1 and COX-2 enzymes. The 
findings of this study indicate that P. umbellatum can be a 
potential alternative source of anti-inflammatory agent and 
may contribute for future drug discovery.

Conclusion

In conclusion, this study was able to determine that the 
ethyl acetate extract of P. umbellatum leaves and its active 
pooled fractions showed anti-inflammatory activity in the 
carrageenan-induced paw edema test in mice and 
inhibitory activity of the COX-1 and COX-2 enzymes. The 
anti-inflammatory effects observed using the ethyl acetate 
extract showed a dose-dependent inhibition of up to 5-6 
hours. The ethyl acetate extracts also revealed a 
comparable inhibition with aspirin against the two isoforms 
of cyclooxygenase enzymes, while its active fractions 
showed a similar trend with celecoxib. The inhibitory 
activities of P. umbellatum seen in in vitro and in vivo assays 
may be caused by the presence of phenols, catechins or 
flavonoids  in the plant. 

This study highlights the importance of P. umbellatum as 
a potential anti-inflammatory agent and its use as a 
traditional medicine for inflammatory disorders. The 
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6. Goldstein Jl, Cryer B. (2015) Gastrointestinal injury 
associated with NSAID use: a case study  and review of 
risk factors and preventative strategies. Drug Healthcare 
and Patient Safety. 7:31–41. doi: 10.2147/DHPS.S71976
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APPENDIX I (PROOF OF COLUMN CHROMATOGRAPHY)

THIN LAYER CHROMATOGRAPHY PLATES

Hexane: Ethyl acetate: Acetic acid
(9:3.5:0.1)

TLC- extracts (under UV 365nm)

TLC-fractions (under UV 365nm
Hexane: Ethyl acetate: Acetic acid
(9:5:0.1)

TLC-fractions 
Hexane: Ethyl acetate: Acetic acid (9:5:0.1)

Table 5. TLC profile of the ethyl acetate of Piper umbellatum leaf extracts.

Solvent System Visualizing Reagent
under UV lights

No. of Spots Rf values

Hexane: Ethyl acetate:
Acetic acid (9:3.5:0.1) acid-methanol

5% sulfuric acid 5 0.09, 0.22, 0.33, 
0.49, 0.62

Hexane: Ethyl acetate:
Acetic acid (9:5:0.1)

5% sulfuric acid
acid-methanol

11 0.04, 0.08, 0.10

0.50, 
0.64

0.20, 0.26, 0.30, 0.32, 0.40, 0.46, 
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APPENDIX

Table 6. Rf values of partially purified fractions of ethyl acetate extract

Pooled Fraction  Fraction #  No. of Spots Rf values

PF7

9
8
7

2
2

2
0.64, 0.66
0.64, 0.66

0.64, 0.66

PF10 10 4 0.54, 0.58, 0.64, 0.66

PF11
12

14

11

13
5

5
5
5 0.36, 0.42, 0.52, 0.58, 0.64

0.36, 0.42, 0.52, 0.58, 0.64
0.36, 0.42, 0.52, 0.58, 0.64

0.36, 0.42, 0.52, 0.58, 0.64

PF15 15 3 0.30, 0.36, 0.42

PF16 16
17 4

4 0.30, 0.34, 0.40, 0.46
0.30, 0.34, 0.40, 0.46

PF18

20

18
19 3

3

3
0.30, 0.34, 0.36
0.30, 0.34, 0.36

0.30, 0.34, 0.36

PF21 21 3 0.30, 0.34, 0.38

PF22
23
22 3

3 0.22, 0.28, 0.30
0.22, 0.28, 0.30

PF24

26

24
25

4

4
4 0.20, 0.22, 0.28, 0.30

0.20, 0.22, 0.28, 0.30

0.20, 0.22, 0.28, 0.30

PF27 27
28
29 5

5
5

0.02, 0.06, 0.14, 0.22, 0.24

0.02, 0.06, 0.14, 0.22, 0.24
0.02, 0.06, 0.14, 0.22, 0.24

PF30

32

34

30
31

33

4

4

4
4

4
0.02, 0.06, 0.08, 0.24
0.02, 0.06, 0.08, 0.24
0.02, 0.06, 0.08, 0.24
0.02, 0.06, 0.08, 0.24

0.02, 0.06, 0.08, 0.24

PF35 35
36
37
38

3

3
3
3

0.02, 0.04, 0.08
0.02, 0.04, 0.08
0.02, 0.04, 0.08

0.02, 0.04, 0.08

PF39

41

44

39

42

40

43

4

4

4
4
4

4

0.02. 0.04, 0.08, 0.34

0.02. 0.04, 0.08, 0.34

0.02. 0.04, 0.08, 0.34
0.02. 0.04, 0.08, 0.34

0.02. 0.04, 0.08, 0.34
0.02. 0.04, 0.08, 0.34

PF45
46
45

47
48

50

52
51

49

2
2
2
2

2
2
2

2

0.02, 0.06

0.02, 0.06

0.02, 0.06

0.02, 0.06

0.02, 0.06

0.02, 0.06

0.02, 0.06

0.02, 0.06

PF53 53
54 5

5 0.02, 0.08, 0.10, 0.14, 0.20
0.02, 0.08, 0.10, 0.14, 0.20

PF55 55
56
57

6
6
6

0.02, 0.06, 0.08, 0.10, 0.14, 0.20

0.02, 0.06, 0.08, 0.10, 0.14, 0.20
0.02, 0.06, 0.08, 0.10, 0.14, 0.20

PF58 58
59

3
3 0.02, 0.06, 0.10

0.02, 0.06, 0.10

PF60
61
60

62
63

3
3

3
3

0.02, 0.04, 0.08

0.02, 0.04, 0.08

0.02, 0.04, 0.08
0.02, 0.04, 0.08

PF64 64
65

67
66

3
3
3
3

0.02, 0.06, 0.08

0.02, 0.06, 0.08

0.02, 0.06, 0.08
0.02, 0.06, 0.08

PF68 68

71
70
69

1

1
1
1

0.10

0.10
0.10

0.10
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