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ABSTRACT

The objective of this study was to determine in the first time the 
phytoconstituents and the in vitro antioxidant and enzyme inhibitory 
properties of the ethanol extract of P. tobira leaves (PTL) and to assess 
its in vivo pharmacological action on pain. 

Phytochemical screening was done using standard protocols. 
The antioxidant potential was investigated using two methods 
including hydrogen peroxide and DPPH radical-scavenging assays. 
An assessment of the anti-acetylcholinesterase activity of PTL was 
performed. The analgesic activity was also evaluated using a hot plate 
and acetic acid assays.

Alkaloid, saponins, cardiac glycoside, terpenoids, flavonoids 
and reducing sugars were found to be present in the leaf of P. tobira. 
PTL showed a significant antioxidant capacity by inhibition of DPPH 
radical (EC

50
 = 143.4 µg/mL) and H

2
O

2
 (EC

50
 = 46.29± 2.1 µg/mL) 

scavenging activities. Moreover, acetylcholinesterase enzyme was 
strongly inhibited by PTL with the IC

50
 value of 100.79 µg/mL. The 

analgesic effect of PTL was evaluated in mice after intraperitoneal 
injection of acetic acid (1%, 10 mL/kg, ip). The results showed that 
PTL reduced significantly the abdominal writhing in mice with 
an inhibition percentage of 14.78%, comparable with standard 
paracetamol (10.31%). Furthermore, PTL (350 mg / kg) increased 
remarkably the reaction time of mice with relatively extended 
duration of stimulation in the hot-plate test when compared to the 
control groups.

We conclude that the leaf extract of P. tobira possesses potential 
antioxidant, anti-nociceptive, and anti-acetylcholinesterase properties 
which could be assigned to the presence of bioactive compounds in its 
composition.
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INTRODUCTION

Various illnesses including carcinogenesis, arthri-
tis, mutagenesis, heart disease, and cardiovascular 
diseases have been reported to be related to oxida-
tive damage induced by reactive oxygen species.1 
Antioxidant drugs have been given to patients to 
treat the above diseases and escape the oxidative 
stress. Unfortunately, their long-term therapeutic 
can induces adverse effects. For these reasons, the 
use of medicinal plants has become the new way 
for several researchers to develop new drugs with 
greater safety and efficiency.

The plant antioxidant potential was demon-
strated to be correlated with the oxidative stress 
defense. The beneficial health effect of the intake 
of the dietary plant has been essentially accredited 
to their bioactive compounds, mainly antioxidant 
polyphenolic compounds that can be found in 
seeds, roots, fruits, vegetables, cereals and herbs.2

Pain is a distasteful sensation coupled with 
several pathologic disorders, including inflam-
mation and tissue damage. Hence, the treatment 

of these problems involves analgesics, notably 
anti-inflammatory drugs. Unfortunately, the 
prolonged use of synthetic drugs is usually 
accompanied by numerous side effects, like the 
neuropathy, nephrotoxicity, and irritation. Plant 
products, with great efficiency and weak side 
effects, are desirable as a source for new chemical 
therapeutics.

The phytopharmaceutical studies have demon-
strated the antioxidant, anti-hyperalgesic, antimi-
crobial, inflammatory and cytoprotective activities 
of Pittosporum species.3,4

Pittosporum tobira (Pittosporaceae) have long 
been used as folk medicines in many countries. 
Modern pharmacological studies revealed that 
P.  tobira possess various biological activities such 
as antimicrobial5 antitumor6 and neuroprotec-
tive.7 The active components from P. tobira were 
reported to be saponins, carotenoids, essential oil 
and triterpenoids.7 In our previous studies, we 
have demonstrated that P. tobira seed extracts have 
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anti-hemolytic and antioxidant activities in vitro.8 
However, to our knowledge, there are as yet no 
published studies concerning the analgesic activity 
of P. tobira in vivo.

The objectives of the present study were to deter-
mine the phytochemical contents, antioxidant and 
acetylcholenisterase inhibitory activities in vitro, as 
well as, to investigate the antinociceptive effect of 
P. tobira leaves (PTL) in mice.

MATERIALS AND METHODS

Chemicals and reagents
The chemicals and reagents used in the work were 
purchased from Sigma-Sigma Chemical (St. Louis, 
MO).

Plant material and preparation of extract
Pittosporum tobira leaves were collected in 
November 2015 from the southwestern Tunisia and 
stored in the herbarium of the Faculty of Sciences, 
University of Gafsa, Tunisia. Leaves (120 g) were 
dried and extracted for three times with ethanol 
(1200 L) with agitation for 24 hours. The solution 
were filtered using Whatman No. 1 filter paper, 
concentrated under reduced pressure to dryness 
and stored for further use.

Phytochemical Screening
To study the chemical composition of the leaf 
from P. tobira qualitative tests were done to screen 
the presence or absence of metabolites including 
tannins, flavonoids, terpenoids, alkaloids, reducing 
sugars, cardiac glycosides and saponins.9,10 

Determination of total phenolics
This test was assayed using the protocol of 
Dewanto et  al.11 Briefly, 125 µL of leaves were 
mixed with 125 µL of Folin-Ciocalteu reagent 
(10%). After 1 min of incubation, 1500 µL of 
sodium carbonate solution (7%) we added to the 
mixture and incubated in the dark of 90 min. 
The absorbance of the solution was performed at  
760 nm in a UV-Vis spectrophotometer 
(Shimadzu, 1240 model, Tokyo, Japan). 

Determination of total flavonoids
This test was assayed using the protocol of Dewanto 
et  al.11 Briefly, 1000 µL of samples were mixed 
with 5 % sodium nitrite solution (750 µL). After 
5 min, 10% aluminium chloride solution (500 µL) 
was added and the mixture was allowed to stand 
for a further 5 min, and then sodium hydroxide  
(500 µL) was added to the solution. The absorbance 
was measured at 510 nm.

Antioxidant activity in vitro
DPPH radical scavenging assay
This test was monitored using the stable free radical 
DPPH as described by Tlili et al.12 In brief, 1 mL of 
extract solutions (100-500 µg/mL) was mixed with 
2 mL of a freshly prepared DPPH solution (0.1 mM 
in ethanol) and kept at room temperature for 
30 min in the dark. The absorbance was measured 
at 515 nm. DPPH scavenging effect was calculated 
using equation (i):

(i) % scavenging effect=(Absorbance of bland – 
Absorbance of sample)/(Absorbance of blanc)×100

Hydrogen peroxide scavenging assay
The H2O2 scavenging activity of leaf extract was 
determined according to the method reported by 
Liu et al.13 with some modifications. One milliliter 
of sample with different concentration (10-250 µg/
mL) was mixed with 2.4 mL of phosphate buffer 
(0.1 M, pH 7.4) and 0.6 mL of H2O2 solution 
(40 mM). The mixture was shaken vigorously and 
incubated at room temperature for 10 min. Then, 
the absorbance of the reaction mixture was deter-
mined at 230 nm. The H2O2 scavenging activity was 
calculated using equation (ii) A1 is the absorbance 
in the presence of the tested extract, A0 is the absor-
bance of the control (water instead of the sample) 
and A2 is the absorbance of the sample only (water 
instead of H2O2 solution). The Vitamin C was used 
as positive control. 
H2O2 scavenging activity (%) = 100 × (A0 − A1 + 
A2) /A0 (ii)

Acetylcholinesterase inhibition
Acetylcholinesterase (AChE) inhibitory activity 
was evaluated by the modified procedure of Ellman 
et  al.14 using acetylcholinesterase (AChE) as the 
enzyme and acetylthiocholine iodide (ATCI) as 
the substracte. Briefly, 400 µL of Ellman's reagent 
DTNB (5,5-dithio-bis(2-nitrobenzoic) acid), 50 µL 
of extract (25-200 µg/mL) and 25 µL of AChE 
prepared in sodium phosphate buffer (pH 8.0) were 
incubated for 15 min at 25°C. Then, 125 µL of ATCI 
was added to the mixture and kept under incuba-
tion for 10 min at 25°C. At last, the absorbance was 
taken at 412 nm. Galanthamine (10-50 µg/mL) was 
the positive inhibitor in this procedure.

Anti-nociceptive activities in vivo
Animals and treatments
The anti-nociceptive test was performed on Swiss 
albino white mice of about 24 ± 4 g body weight 
(BW). Animals were cared according to the 
Tunisian code of practice for the Care and Use of 
Animals for Scientific Purposes and the European 
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convention for the protection of vertebrate 
animals used for experimental and other scientific 
purposes (Council of Europe No 123, Strasbourg, 
1985).

Acute toxicity study 
Mice were divided into 5 groups, with six animals 
in each group. The control group received distilled 
water orally while the other groups received differ-
ent doses of PTL (250, 500, 750 and 1000 mg/kg of 
BW) and observed for toxic symptoms and death 
rate within 12 and 24 hours.

Acetic acid test
The writhing phenomenon was induced by intra-
peritoneal injection of acetic acid 1%.15 Mice (n=18) 
were divided into three groups:
Group 1 (control), mice received distilled water.
Group 2 (PTL) mice were given PTL at 350 mg/kg 
BW for 60 min and then acetic acid solution was 
injected intraperitoneally (1%, 10 mL/kg, ip).
Group 3 (positive control) mice received parac-
etamol (100 mg/kg, po) and then acetic acid solution 
was injected intraperitoneally (1%, 10 mL/kg, ip).

The number of writhing movements was 
counted for 15 min and the percentage of 
protection was expressed using the equation of 
Dongmo et al.16 (iii) [(Control mean - treated mean) / 
Control mean]× 100. (iii)

Hot plate test
Animals (n=6) were treated orally with distilled 
water (control) or the extract of PTL at 350 mg/kg 
BW. Paracetamol (100 mg/kg BW, po) was given 
as a standard drug 60 min before the placement of 
mice on the hot plate. Each mouse was then placed 
separately on the hot plate maintained at 52 ±1°C 
and the latency to respond to the thermal stimulus 
was recorded. The time to jump, licking its hind 
paw was used as the latency to responding.17 

Statistical analysis
Statistical analysis was performed using the SPSS 
version 18.0 software. All data were analyzed using 
Analysis of Variance technique followed by Student's 
t test. All values are expressed as mean ± SD. 

RESULTS 

Phytochemical Properties
The preliminary phytochemical screening carried 
at P. tobira extract proved the presence of alkaloid, 
saponins, cardiac glycoside, terpenoids, flavonoids 
and reducing sugars (Table 1). 

The total phenolic content expressed as gallic 
acid equivalent in milligrams per gram of extract 
was 75.04 mg GAE/g DW. Total flavonoid content 
expressed as milligrams of quercetin equivalent per 
gram of extract was estimated to be equivalent to 
11.23 mg QE/g DW.

Antioxidant activity of PTL in vitro
As shown in Figure 1A, the DPPH scavenging activ-
ity of PTL increased in a manner dependent of the 
concentration. At the concentration of 450 µg/mL, 
PTL showed the highest radical scavenging activity 
value (83.21%) but lower than vitamin C (97.13%). 
The effective concentrations at which DPPH 
were scavenged by 50% (EC50) was found to be  
143.4 µg/mL. Antioxidant activity determined 
using the H2O2 scavenging assay showed results 
comparable to those obtained with DPPH scaveng-
ing activity (Figure 1B). EC50 values were found to 
be 46.29± 2.1 µg/mL but 2.77-fold lower than that 
of vitamin C (16.66± 0.32 µg/mL).

Acetylcholinesterase inhibitory activity of 
PTL
AChE inhibitory activity of the ethanol extract from 
P. tobira leaves in a dose-dependent manner was 
illustrated in Figure 2. Results revealed that PTL 
exhibited strong anti-acetylcholinesterase activity 
with IC50 value of 100.79 µg/mL. However, this 
value was ten time lower than that of Galanthamine 
(the reference drug, IC50= 20.63 µg/mL).

Table 1  �Phytochemical screening of different extract of the ethanol 
extract of Pittosporum tobira (PTL).

Name of phytochemical Observation

Tannins -
Flavonoids ++
Terpenoids +
Alkaloids +
Reducing sugars +
Cardiac glycosides ++
Saponins +

(+) = presence of constituents; (-) = absence of constituents; (++) = presence of constituents 
extensively.

Table 2  �Effect of the ethanol extract of Pittosporum tobira (PTL) 
and paracetamol on acetic acid induced writhing in mice

Treatment Dose (mg/kg) Number of writhing % Inhibition

Control - 61.21 ± 4.12 -
PTL 350 14.78 ± 2.08*** 75.85 
Paracetamol 100 10.31 ± 2.09*** 83.15

Values are expressed as mean ± SEM (n = 6); percentage of inhibition of number of abdominal 
writhes in 20 min for each experimental group 
*** p < 0.001 significantly different as compared to the control.
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ANALGESIC ACTIVITY

Acute toxicity
Animals did not show any clinical signs of toxicity 
up to a dose of 1000 mg/kg BW. At this selected dose 
of PTL, all animals survived and no mortality was 
observed until the end of the experiment and the 

lethal dose was considered to be > 1000 mg/kg BW. 
In this study, a dose of 350 mg/kg BW was chosen 
to investigate the anti-nociceptive effect of P. tobira.

Acetic Acid-Induced Writhing
The effect of PTL on writhing response in mice is 
shown in Table 2. PTL produced an inhibition of 
acetic acid-induced abdominal constrictions in 
mice by 75.85% at 350 mg/kg. Paracetamol used as 
reference drug, decreased the number of writhes by 
83.15%.

Hot plate
The results of the hot plate assay (Table 3) indicated 
that the reaction time for the mice was signifi-
cantly increased with PTL (82.53%), at 350 mg/kg. 
Paracetamol showed a significant protective effect 
(65.07% inhibition), at a dose of 100 mg/kg.

DISCUSSION

Natural antioxidants have been considered to 
play an important role in the prevention of many 
diseases. In this study, the phytochemical, anti- 
acetylcholinesterase and antioxidant properties 
of P. tobira leaf extract, as well as its capability to 
reduce pain were investigated.

The phytochemical screening identified the pres-
ence of numerous important medicinal compounds, 
such as flavonoids, saponins, cardiac glycosides, 
alkaloids, terpenoids and reducing sugars. These 
compounds are recognized to be biologically active 
by means of various mechanisms. Saponins play 
an important role in the inflamed tissue and also 
used for the prevention of cancer and hemoly-
sis.18,19 Terpenoids have generally been recognized 
to possess anti-cancer, antinociceptive and anti-in-
flammatory potential.20,21 Alkaloids have numerous 
biological benefits, like antitussive, antinociceptive 
and neuroprotective properties.20 In addition, the 
phytochemical screening revealed that P. tobira is a 
good source polyphenols and flavonoids which are 
known for their potent antioxidant activities. 

These compounds also have long been recognized 
to own cardiovascular, anticancer and anti-inflam-
matory effects.22,23 PTL was found to have strong 
DPPH radical scavenging activity which indicates 
the scavenging capacity of PTL bio-antioxidant 
compounds by their hydrogen donating ability. 
Furthermore, leaf exhibited important antioxidant 
activities on H2O2 scavenging activity. Indeed, anti-
oxidants can eliminate free radical (H2O2) by trans-
forming them into water. In this study, the potent 
antioxidant properties of PTL may be due to their 
richness in antioxidant components as revealed by 
Oh et al.5 

Table 3  �Effect of the ethanol extract of Pittosporum tobira (PTL) 
and paracetamol on the hot plate test in mice

Treatment Dose (mg/kg) Reaction time (s) Inhibition (%)

Control - 4.81 ± 0.42 -
PTL 350 8.78 ± 0.68** 82.53 
Paracetamol 100 7.94 ± 0.29** 65.07

Values are expressed as mean ± SEM (n = 6).
** p < 0.01 significantly different from the negative control group. 

Figure 2 � Acetylcholinesterase inhibitory effect of ethanol extract of leaf 
from Pittosporum tobira (PTL, 20-200 µg/mL) and standard 
Galanthamine (10-50 µg/mL).

Figure 1 � Antioxidant activities of ethanol extract of leaf from 
Pittosporum tobira (PTL) at different concentrations. DPPH free 
radical-scavenging activities (A) and hydrogen peroxide scaveng-
ing activity (B). Values are means of three replications ± SD
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Alzheimer’s disease (AD) is recognized as a 
neurodegenerative disorder and reducing the activ-
ity of acetylcholinesterase is the most common 
opinion for the treatment of patients suffering from 
this disease.24 A wide variety of plant secondary 
metabolites has been reported for lowering the 
pathogenesis of AD through various mechanisms 
like the modulation or inhibition of enzyme activ-
ities and the management of oxidative stress.25 
This study, revealed that PTL exhibited interesting 
anti-acetylcholenisterase activity with is may be due 
to the important amount of phenolic compounds. 

Thermal stimulation by the hot plate and chem-
ical irritation by acetic acid are the two widely used 
pain models employed with the objective of identi-
fying possible peripheral and central effects of the 
P. tobira leaf extract. 

Acetic acid produces pain affords rapid evalua-
tion of the peripheral analgesic action. This effect is 
essentially related to the stimulation of chemo-sen-
sitive nociceptors26 and increase in the level of 
prostaglandins and histamine in peritoneal fluids. 
These chemical mediators stimulate peripheral 
nociceptive neurons and induce dilatation of arte-
rioles and venules with contraction and separation 
of endothelial cells, resulting in increased vascular 
permeability.27 Results showed that the plant extract 
of P tobira inhibited acetic acid-induced writhing 
in mice similar to paracetamol, suggesting that 
the analgesic effect of this plant might be linked 
to inhibition of the function of the above mecha-
nisms.28 To confirm the anti-analgesic effect of PTL, 
the extracts were tested in the heat-induced pain 
model. The advantage of the hot plate test is the 
strong sensitivity to pain and little tissue damages.

PTL showed significant effect on the latency time 
of response to the hot plate. This analgesic prop-
erty was similar to that of paracetamol. Therefore, 
pre-treatment of mice with PTL inhibited neuro-
genic-induced pain is a sign of supra-spinal analge-
sia of the plant extract. 

In addition, the mechanism of analgesic activity 
of P. tobira could be due to its bioactive substances 
that raised pain threshold by depressing pain 
receptors centrally in the brain.29 This antinocicep-
tive activity may be related to the reduction on the 
liberation of the inflammatory mediators or to the 
blockage of receptors resulting on peripheral anti-
nociceptive effect.

Moreover in our recent studies, we have demon-
strated that the seeds from P. tobir were sources 
phenolic acids including caffeic acid, p-coumaric 
acid, ferulic acid, and gallic acid.8 Such compounds 
have been proved to exhibit numerous pharma-
ceutical properties especially anti-nociceptive 
effects.30,31 

CONCLUSION

This study has shown that the leaf ethanol extract 
of P. tobira is endowed with significant antioxidant 
and anti-acetylcholinesterase activities in vitro, 
associated with an antinociceptive effect in mice. 
However, further works are necessary in order to 
characterize the mechanism(s) responsible for 
these biological activities.

ACKNOWLEDGEMENTS

We greatly appreciate the technical support 
provided by Unit of common services, Faculty of 
Sciences Gafsa, Tunisia.

DISCLOSURE STATEMENT

The authors declare that there is no conflict of 
interest.

REFERENCES
1.	 Deng JS, Chang YC, Wen CL, Liao JC, Hou WC, 

Amagaya S, Huang SS, Huang GJ. Hepatoprotective effect 
of the ethanol extract of Vitis thunbergii on carbon tet-
rachloride-induced acute hepatotoxicity in rats through 
anti-oxidative activities. J Ethnopharmacol. 2014; 142: 
795-803. https://doi.org/10.1016/j.jep.2012.06.003 

2.	 Grosso G, Stepaniak U, Micek A, Stefler D, Bobak M, Pająk 
A. Dietary polyphenols are inversely associated with met-
abolic syndrome in Polish adults of the HAPIEE study. 
Euro J Nut. 2017; 56: 1409-1420. https://doi.org/10.1007/
s00394-016-1187-z 

3.	 El Dib R,A, Eskander J, Mohamed M,A, Mohammed N,M, 
Two new triterpenoid estersaponins and biological 
activities of Pittosporum tobira ‘Variegata’(Thunb,) WT 
Aiton leaves. Fitoterapia. 2015; 106: 272-279. https://doi.
org/10.1016/j.fitote.2015.09.006 

4.	 Wandji BA, Bomba FDT, Nkeng-Efouet PA, Piegang BN, 
Kamanyi A, Nguelefack TB. Anti-hyperalgesic activ-
ity of the aqueous and methanol extracts of the leaves of 
Pittosporum mannii Hook on CFA-induced persistent 
inflammatory pain. Inflammopharmacol. 2018; 26: 197-
205. https://doi.org/10.1007/s10787-017-0376-6 

5.	 Oh JH, Jeong YJ, Koo HJ, Park DW, Kang SC, Khoa HVB, 
Le BL, Cho JH, Lee JY. Antimicrobial activities against 
periodontopathic bacteria of Pittosporum tobira and its 
active compound. Molecules. 2014; 19: 3607-3616. https://
doi.org/10.3390/molecules19033607 

6.	 D'Acquarica I, Di Giovanni MC, Gasparrini F, Misiti D, 
D'Arrigo C, Fagnano N, Guarnieri D, Iacono G, Bifulco G, 
Riccio R. Isolation and structure elucidation of four new 
triterpenoid estersaponins from fruits of Pittosporum 
tobira ait. Tetrahedron. 2002; 58: 10127-10136. https://doi.
org/10.1016/s0040-4020(02)01364-9 

7.	 Moon HI, Park WH. Four carotenoids from Pittosporum 
tobira protect primary cultured rat cortical cells from glu-
tamate induced toxicity. Phytother Res. 2010; 24: 625-628. 
https://doi.org/10.1002/ptr.3019 

8.	 Rjeibi I, Ncib S, Saad A,B, Souid S. Evaluation of nutritional 
values phenolic profile aroma compounds and biological 
properties of Pittosporum tobira seeds. Lipids Health Dis. 
2017; 16: 206. https://doi.org/10.1186/s12944-017-0596-1 

9.	 Aiyegoro OA, Okoh AI. Preliminary phytochemical screen-
ing and in vitro antioxidant activities of the aqueous extract 
of Helichrysum longifolium DC. BMC Compl Altern Med. 
2010;10: 21. https://doi.org/10.1186/1472-6882-10-21 

https://doi.org/10.1016/j.jep.2012.06.003
https://doi.org/10.1007/s00394-016-1187-z
https://doi.org/10.1007/s00394-016-1187-z
https://doi.org/10.1016/j.fitote.2015.09.006
https://doi.org/10.1016/j.fitote.2015.09.006
https://doi.org/10.1007/s10787-017-0376-6
https://doi.org/10.3390/molecules19033607
https://doi.org/10.3390/molecules19033607
https://doi.org/10.1016/s0040-4020(02)01364-9
https://doi.org/10.1016/s0040-4020(02)01364-9
https://doi.org/10.1002/ptr.3019
https://doi.org/10.1186/s12944-017-0596-1
https://doi.org/10.1186/1472-6882-10-21
http://www.phytomedicine.ejournals.ca
https://dx.doi.org/10.15562/phytomedicine.2019.91


156  Discovery Phytomedicine 2019; 6(4): 151-156. doi: 10.15562/phytomedicine.2019.91� www.phytomedicine.ejournals.ca

Phytochemical screening, antioxidant, analgesic ...� Ilhem Rjeibi, et al.

10.	 Bhatti MA. Research Article on Phytochemical and 
Physicochemical Evaluation of Leaves & Stems of Kalanchoe 
Crenata (Adrews) Haw. Inter J Pharm Tech Res. 2016; 9: 
261-5. https://doi.org/10.6000/1927-5951.2012.02.01.14 

11.	 Dewanto V, Wu X, Adom KK, Liu RH. 2002; Thermal 
processing enhances the nutritional value of tomatoes by 
increasing total antioxidant activity. J Agri Food Chem. 50: 
3010-3014. https://doi.org/10.1021/jf0115589 

12.	 Tlili N, Elfalleh W, Hannachi H, Yahia Y, Khaldi A, 
Ferchichi A, Nasri N. Screening of natural antioxidants 
from selected medicinal plants. Int J Food Prop. 2013; 16: 
1117–1126. https://doi.org/10.1080/10942912.2011.576360 

13.	 Liu J, Luo J, Ye H, Sun Y, Lu Z, Zeng X. In vitro and in 
vivo antioxidant activity of exopolysaccharides from endo-
phytic bacterium Paenibacillus polymyxa EJS-3. Carbohydr 
Polym. 2010; 82: 1278-1283.

14.	 Ellman GL, Courtney D, Andres V, Feathersto RM. A new 
and rapid colorimetric determination of acetylcholinester-
ase activity. Biochem Pharmacol. 1961; 7: 88–95. https://
doi.org/10.1016/0006-2952(61)90145-9 

15.	 Koster R. Acetic acid for analgesic screening. In Fed Proc. 
1959; 18: 412.

16.	 Dongmo AB, Nguelefack T, Lacaille-Dubois MA. 
Antinociceptive and anti-inflammatory activities of Acacia 
pennata wild (Mimosaceae). J Ethnopharmacol. 2005; 98: 
201-206. https://doi.org/10.1016/j.jep.2005.01.030 

17.	 Bukhari IA Khan RA, Gilani AH, Ahmed S, Saeed SA. 
Analgesic anti-inflammatory and anti-platelet activi-
ties of the methanolic extract of Acacia modesta leaves. 
Inflammopharmacol. 2010; 18: 187-196. https://doi.
org/10.1007/s10787-010-0038-4 

18.	 Hassan HS, Sule MI, Musa AM, Musa KY, Abubakar MS, 
Hassan AS. Anti-inflammatory activity of crude saponin 
extracts from five Nigerian medicinal plants. Afr J Trad 
Compl Med. 2012; 9: 250-255. https://doi.org/10.4314/ajt-
cam.v9i2.10 

19.	 Tiwari P, Mishra BN, Sangwan NS. Phytochemical and 
pharmacological properties of Gymnema sylvestre: an 
important medicinal plant. BioMed Research Inter. 2014; 
1-18. https://doi.org/10.1155/2014/830285 

20.	 Salminen A, Lehtonen M, Suuronen T, Kaarniranta K, 
Huuskonen J. Terpenoids: natural inhibitors of NF-κB 
signaling with anti-inflammatory and anticancer poten-
tial. Cell Mol Life Sci. 2008; 65: 2979-2999. https://doi.
org/10.1007/s00018-008-8103-5 

21.	 Amorim ACL, Lima CKF, Hovell AMC, Miranda ALP, 
Rezende CM. Antinociceptive and hypothermic evalua-
tion of the leaf essential oil and isolated terpenoids from 
Eugenia uniflora L, (Brazilian Pitanga). Phytomed. 2009; 
16: 923-928. https://doi.org/10.1016/j.phymed.2009.03.009 

22.	 Kabera JN, Semana E, Mussa AR, He X. Plant secondary 
metabolites: biosynthesis classification function and phar-
macological properties. J Pharm Pharmacol. 2014; 2: 377-
392. https://doi.org/10.1016/j.phymed.2009.03.009 

23.	 Rjeibi I, Saad AB, Sdayria J, Feriani A, Ncib S, Allagui MS, 
Hfaiedh N, Souid S. HPLC–DAD identification of poly-
phenols from ethyl acetate extract of Amaranthus spinosus 
leaves and determination of their antioxidant and antino-
ciceptive effects. Inflammopharmacol. 2018; 1-10.

24.	 Bartus RT, Dean R, Beer B, Lippa AS. The cholinergic 
hypothesis of geriatric memory dysfunction. Science. 1982; 
217: 408-414. https://doi.org/10.1126/science.7046051 

25.	 Szwajgier D. Anticholinesterase activity of selected phe-
nolic acids and flavonoids-interaction testing in model 
solutions. Annals Agri Environ Med. 2015; 22: 690–694. 
https://doi.org/10.5604/12321966.1185777 

26.	 Tsai HY, Chen YF, Wu TS. Anti-inflammatory and analge-
sic activities from roots of Angelica pubescens. Planta Med. 
1995; 61: 1–8. https://doi.org/10.1055/s-2006-957987 

27.	 Okoli CO, Akah PA, Nwafor SV, Anisiobi AI, Ibegbunam 
IN, Erojikwe O. Anti-inflammatory activity of hexane leaf 
extract of Aspilia africana CD Adams. J Ethnopharmacol. 
2007; 109: 219-225. https://doi.org/10.1016/j.
jep.2006.07.037 

28.	 Deraedt R, Jouquey S, Delevallée F, Flahaut M. Release of 
prostaglandins E and F in an algogenic reaction and its 
inhibition. Europ J Pharmacol. 1980; 61: 17-24. https://doi.
org/10.1016/0014-2999(80)90377-5

29.	 Gawade S. Acetic acid induced painful endogenous inflic-
tion in writhing test on mice. J Pharmacol Pharmacother. 
2012; 3: 348. https://doi.org/10.4103/0976-500x.103699 

30.	 Mehrotra A, Shanbhag R, Chamallamudi MR, Singh VP, 
Mudgal J. Ameliorative effect of caffeic acid against inflam-
matory pain in rodents. Euro J Pharmacol. 2011; 666: 
80-86. https://doi.org/10.1016/j.ejphar.2011.05.039 

31.	 Xu Y, Zhang L, Shao T, Ruan L, Wang L, Sun J, Pan J. 
Ferulic acid increases pain threshold and ameliorates 
depression-like behaviors in reserpine-treated mice: 
behavioral and neurobiological analyses. Metabolic Brain 
Disease. 2013; 28: 571-583. https://doi.org/10.1007/
s11011-013-9404-4 

This work is licensed under a Creative Commons Attribution-Non Commercial-No 
Derivatives 4.0 International License. To view a copy of this license,  

visit http://creativecommons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.6000/1927-5951.2012.02.01.14
https://doi.org/10.1021/jf0115589
https://doi.org/10.1080/10942912.2011.576360
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/j.jep.2005.01.030
https://doi.org/10.1007/s10787-010-0038-4
https://doi.org/10.1007/s10787-010-0038-4
https://doi.org/10.4314/ajtcam.v9i2.10
https://doi.org/10.4314/ajtcam.v9i2.10
https://doi.org/10.1155/2014/830285
https://doi.org/10.1007/s00018-008-8103-5
https://doi.org/10.1007/s00018-008-8103-5
https://doi.org/10.1016/j.phymed.2009.03.009
https://doi.org/10.1016/j.phymed.2009.03.009
https://doi.org/10.1126/science.7046051
https://doi.org/10.5604/12321966.1185777
https://doi.org/10.1055/s-2006-957987
https://doi.org/10.1016/j.jep.2006.07.037
https://doi.org/10.1016/j.jep.2006.07.037
https://doi.org/10.1016/0014-2999(80)90377-5
https://doi.org/10.1016/0014-2999(80)90377-5
https://doi.org/10.4103/0976-500x.103699
https://doi.org/10.1016/j.ejphar.2011.05.039
https://doi.org/10.1007/s11011-013-9404-4
https://doi.org/10.1007/s11011-013-9404-4
http://www.phytomedicine.ejournals.ca
https://dx.doi.org/10.15562/phytomedicine.2019.91



