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ABSTRACT 
 

Aims: Strychnos spinosa Lam. is a deciduous tree used in folkloric medicine to treat inflammatory-
related conditions. The aim of this study was to establish the effect of leaf extracts of S. spinosa on 
the activity of pro-inflammatory cyclooxygenase (COX) enzymes and to determine the total 
phenolic contents of S. spinosa leaves.  
Study Design: An in vitro study.  
Place and Duration of Study: Department of Paraclinical Sciences, Faculty of Veterinary 
Sciences, University of Pretoria, Pretoria between June 2013 and November 2013. 

Original Research Article 
 



 
 
 
 

Isa et al.; AJRIMPS, 3(1): 1-8, 2018; Article no.AJRIMPS.39303 
 
 

 
2 
 

Methodology: Extracts were obtained by maceration with acetone, methanol and 
dichloromethane/methanol (1/1). Fractions were prepared by liquid–liquid fractionation of the 
acetone extract. COX activity was evaluated using a COX inhibitor screening assay kit, Cayman, 
MI, USA. The total phenolic content of the extracts were determined using the Folin–Ciocalteau 
method.  
Results: The extracts significantly (P = .05) inhibited COX enzyme activity. The n-butanol, water 
and hexane fractions selectively inhibited COX-1, with IC50 values of 14.66 ± 0.01, 15.25 ± 0.20 
and 14.93 ± 0.01 pg/mL, respectively. The dichloromethane/methanol extract (Dcm/MetE) and 
methanol extract (MetE) selectively inhibited COX-2, with IC50 values of 15.51 ± 0.05 and 14.47 ± 
0.12 pg/mL, respectively. The alkaloid fraction inhibited both COX-1 and COX-2, with IC50 values of 
15.42 ± 0.01 and 14.81±0.11 pg/mL, respectively. The water fraction had the highest phenolic 
content (78 ± 3.71 mg/g galic acetone extract , and the acetone extract had the lowest (8.0 ± 0.01 
mg GAE/g). 
Conclusion: The selective inhibition of COX-1 and COX-2 by the extracts point to the potential of 
S. spinosa as a potent anti-inflammatory agent. The results support the use of leaf extracts of S. 
spinosa in traditional medicine for the treatment of inflammation-related conditions. 
 

 

Keywords: Strychnos spinosa; anti-inflammatory; cyclooxygenase; phenolics. 
 

1. INTRODUCTION  
 

Strychnos species are used in traditional 
medicine to treat snakebites, ulcers, wounds, 
headaches, gastric and intestinal problems, 
venereal diseases, leprosy, diarrhoea and fevers 
[1]. Analgesic uses of the fruit of the plant in folk 
medicine has been reported [2]. Anti-
inflammatory and anti-microbial activities of 
Strychnos species have also been reported [3-5]. 
Cyclooxygenases are key enzymes in the 
synthesis of prostanoid and eicosanoids from 
polyunsaturated fatty acids, which are involved in 
various inflammatory and allergic disorders [6,7]. 
COX enzymes are membrane-bound heme 
proteins that exist in two distinct isoforms: a 
constitutive form (COX-1) and an inducible form 
(COX-2). COX-1 is expressed in resting cells of 
most tissues. It functions as a housekeeping 
enzyme and is responsible for maintaining 
homeostasis (gastric and renal integrity) and 
normal production of eicosanoids [7]. COX-2 is 
predominantly found in brain and kidney and is 
virtually absent in most other tissues [8,9]. COX-
2 expression in tissues is significantly up-
regulated in various acute and chronic 
inflammatory conditions [8,9]. Although 
conventional anti-inflammatory drugs can inhibit 
inflammation, they cannot cure chronic 
inflammatory disorders [9]. Therefore, there is a 
need for new, safe anti-inflammatory agents. A 
previous study showed that phenolics and 
flavonoids were excellent anti-inflammatory 
agents [10], indicating that natural products may 
play a significant role in human health in relation 
to the prevention and treatment of inflammatory 
conditions. Ongoing studies are investigating the 
potential of plant constituents used in herbal and 

traditional medicine as anti-inflammatory agents 
[11,12].  The aim of this study was to establish 
the effect of leaf extracts of S. spinosa on the 
activity of pro-inflammatory COX enzymes and to 
determine the total phenolic contents of S. 
spinosa leaves. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Preparation of Plant 
Material 

 

Fresh leaves of S. spinosa, known as ‘Kwokwa’ 
or ‘Kokyi’ in Hausa in Nigeria [1], were collected 
in January 2013 from Sakara village, Zaria, 
Nigeria. The leaves were authenticated by a 
botanist (Mal Musa Muhammad) at the 
Herbarium, Department of Biological Sciences, 
Ahmadu Bello University, Zaria. A voucher 
specimen (No. 900161) was deposited.at the 
herbarium section, Department of Biological 
Sciences. Ahmadu Bello University, Zaria. 
 
2.1.1 Preparation of extracts from S. spinosa 

leaves 

 
The leaves were removed from the stem, packed 
in a well-perforated bag and air-dried under 
shade at room temperature for 2 weeks. The 
dried leaves were ground, powdered and kept in 
an air-tight polyethylene bag until required.  
 
2.1.2 Acetone, methanol and dichloro-

methane/methanol extraction 
 
The dried leaves were ground into a powder, and 
the powder (2 kg) was macerated three times in 
acetone (6 L) to obtain an acetone extract 
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(AcetE), followed by filtration and removal of the 
solvent in vacuum. The residues were macerated 
in methanol (6 L), following the same procedure 
as described for acetone extraction above to 
obtain a methanol extract (MetE). Part of the 
dried powdered leaves (1 kg) was macerated in a 
mixture of dichloromethane/methanol (50/50, v/v) 
(3 L) three times to obtain a 
dichloromethane/methanol extract (DcmMetE). 
After filtration and concentration of the extract to 
solid form, as shown in Fig. 1, part of the acetone 
extract (70 g) was dissolved in a mixture (50/50, 
v/v) of chloroform and water to obtain water and 
chloroform components. n-Butanol was added to 
the water component to obtain n-butanol and 
water fractions (n-ButF and WatF, respectively), 
and the chloroform component was concentrated 
to dryness and further dissolved in 10% water in 
methanol. A hexane fraction (HexF) and residue 
of 10% water in methanol were obtained after the 
addition of n-hexane. The proportion of water in 
methanol was increased to obtain a 35% water in 
methanol component. A chloroform fraction 
(ChlF) and 35% WatF were obtained following 
the addition of chloroform. From a comparative 
thin layer chromatography (TLC), water and 35% 
water in methanol ractions were combined into 
one fraction.  
 

2.1.3 Alkaloids extraction 
 

The leaves of S. spinosa (1 kg) were macerated 
with a mixture (96:3:1, v/v) of Ethyl 
acetate/Ethanol Ammonium Hydroxide (EtOAc-
EtOH-NH4OH) (600 mL) and then percolated 
with EtOAc. The extract was obtained after 
removal of the solvent using a rotary evaporator 
under reduced pressure. The extract was further 
dissolved in EtOAc and extracted with 4% acetic 
acid to afford a EtOAc fraction. The acidic 
solution (pH 3-4) was basified to pH (8-9) with 
sodium carbonate and extracted three times with 
dichloromethane (DCM) to obtained crude 
alkaloids after removal of the solvent in vacuum..  
 
2.2 Instruments and Reagents 
 
COX-inhibitor screening kit (Catalog No. 560131, 
Cayman Chemical, USA), Indomethacin (Sigma), 
Folin–Ciocalteu reagent, gallic acid, were 
purchased from Sigma-Aldrich St.Louis, MO, 
USA. 
 
2.2.1 Determination of total phenolic 

constituents 
 

The total phenolic constituents of the extracts 
were determined using the Folin–Ciocalteau 

method as described earlier [13], with some 
modifications. The crude extracts and fractions 
were dispensed into different test tubes at a 
concentration of 1:1 (mg/mL) plant 
material:extracting solvent (50 µL), and the 
volume was increased to 500 µL using distilled 
water. Folin–Ciocalteau reagent (250 µL) diluted 
with distilled water (1:1) and 1,250 µL of 20% 
sodium carbonate solution were added to the 
extracts and fractions. The mixture was vortexed 
and incubated at room temperature for 40 min. 
The absorbance was then read at 725 nm. The 
amount of polyphenols (expressed as milligrams 
of gallic acid/g dry weight) was calculated from a 
prepared standard curve for gallic acid (0.0019–
0.25 mg/mL of gallic acid). 
 

2.2.2 Anti-inflammatory assays 
 

2.2.2.1 Cyclooxygenase 1 (COX-1) and 
Cyclooxygenase (COX-2) inhibition 
assay 

 

The inhibition of COX-1 and COX-2 activity in 
extracts and fractions from the leaves of S. 
spinosa was determined using a COX-inhibitor 
screening kit Cayman, MI, USA according to the 
manufacturer’s instructions. The enzyme 
immunoassay used to determine COX-1 and 
COX-2 inhibitory activity has been described 
elsewhere [14]. The assay measures the 
production of PGF2α, which is generated by 
Tin(II) chloride (SnCl2) in the presence of PGH2. 
The initial reactions took place in test tubes 
(initial reaction test tubes) heated at 37°C. In 
background test tubes, reaction buffer and heme 
were mixed together. In 100% activity test tubes 
containing reaction buffer and heme, the enzyme 
in question (COX-1 or COX-2) and solvent were 
added. In sample test tubes, the following was 
added: buffer, heme, different concentrations of 
the COX inhibitor and COX enzymes. All the test 
tubes (initial reaction test tubes, 100% activity 
test tubes, background test tubes, and sample 
test tubes) were incubated for 15 min at 37°C, 
followed by the addition of arachidonic acid and 
incubation for another 2 min. One molar 
hydrochloric acid (HCl) was added to each test 
tube to stop the reaction, and stannous chloride 
was used to trap the reaction product and reduce 
it to a more stable form. The test tubes were then 
incubated for 5 min at room temperature. The 
test tubes were diluted, with reaction buffer and 
the backgrounds (inactivated COX-1 and COX-2) 
were left as they were (backgrounds). A 96-well 
plate coated with mouse anti-rabbit 
immunoglobulin G (IgG) was provided. In the 
wells, nonspecific binding, maximum binding, 
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standards and inhibitor dilutions were added with 
tracer and antiserum. The plate was incubated at 
room temperature for 18 h, washed five times 
with wash buffer, developed with Ellman’s 
reagent (MO, USA) and read on a microplate 
reader at 410 nm. The stock solution of the 
extracts and fractions were dissolved in   
dimethyl sulhoxide (DMSO) to give a final 
concentration of 15.6–200 pg/mL. The      
percent inhibition of enzyme (COX-1/COX-2) 
activity was calculated by a comparison of of 
treated and untreated groups. The concentration 
of the test compound causing 50% inhibition 
(IC50, pg/mL) was calculated from the 
concentration–inhibition response curve. 
Indomethacin (1 mg/mL) was used as a 
reference standard. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Phenolic Composition of the 
Fractions and Extracts of S. spinosa 
Leaves 

 

All the extracts and fractions of S. spinosa 
contained phenolic compounds. However, the 
quantity varied between samples (8.0 ± 0.26–
78.0 ± 2.30. mg GAE/g plant material) (Fig. 1). 
The MetE contained a significantly (P P = .05) 

higher amount (70 ± 0.27 mg GAE/g) of phenolic 
compound than the AcetE (8.0 ± 0.01 mg GAE/g) 
and DcmMetE (61.0 ± 0.9 mg GAE/g). Similarly, 
there was a significant (P = .05) difference in the 
phenolic content of the MetE and AcetE. There 
were no significant differences in the phenolic 
contents of the n-ButF, WatF and ethyl acetate 
fraction (EtAcF) (58.0 ± 1.00 mg GAE/g, 78.0 ± 
1.30 GAE/g and 32.0 ± 1.1 GAE/g, respectively). 
However, there were significant (P P = .05) 
differences when compared with the HexF (8.0 ± 
0.80 mg GAE/g) and ChlF (48.0 ± 0.89 mg 
GAE/g). 
 
Polyphenolic compounds are important bioactive 
components of medicinal plant extracts and 
exhibit various pharmacological properties [15]. 
Phenolics are one of the main classes of 
secondary metabolites, and several thousand, 
including over 8,150 flavonoids, different 
compounds have been identified, with a large 
range of structures (monomeric, dimeric and 
polymeric) [16]. Many classes of phenolics are 
categorized on the basis of their basic    
skeleton. Phenolic phytochemicals are primarily 
natural antioxidants, which act as reducing 
agents, metal chelators and single oxygen 
quenchers [16]. 

 

 
 

Fig. 1. Total phenolic content of S. spinosa leaf extracts and fractions 
Acetone extract, (AcetE); dichloromethane/methanol extract, (DcmMetE); methanol extract, (MetE); n-butanol 

fraction, (n-ButF); water fraction, (WatF); hexane fraction, (HexF); chloroform fraction, (ChlF); ethyl acetate 
fraction, (EtAcF). The different superscript letters denote a significant difference. (P = .05). 
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Phenolic-enriched extracts have been reported to 
confer a wide range of physiological and health 
benefits [17]. For example, polyphenolic 
compounds have anti-allergenic, antiviral, 
antibacterial, antifungal [18] anti-secretory, anti
spasmolytic, anti-motility, anti-
immuno-modulatory and parasitic activities. In 
traditional medicine, water or ethanolic solutions 
are the main solvents used in the preparation of 
plant extracts [18]. These solvents mainly extract 
polar compounds, primarily phenolic compou
[19]. In this study, the WatF had the highest 
content of phenolic compounds. The latter may 
explain its high anti-oxidant and anti
inflammatory activities when compared with 
those of the other extracts and fractions in this 
study. 
 
Although the presence of secondary metabolites, 
such as triterpenoids, in addition to sterols, 
essential oils [20,21] secoiridoids [22] and 
monoterpenes [23], have been described in 
spinosa, there are no reports of the presence of 
phenolic and flavonoids in S. spinosa
 

3.2 COX Inhibition Assay 
 
The effects of the extracts and fractions of 
spinosa on COX activity (COX-1 and COX
presented in Fig. 2 and Table 1. The ButF, WatF 
and HexF selectively inhibited COX
 

Fig. 2.
a,b denote a significant difference.. Data represent mean ± SEM.
AcetE, acetone extract; MetE, methanol extract; DcmMetE, dichloromethane/methanol extract; AlkE

extract; n-Buf, n-Butanol fraction; WatF, water fraction; HexF, n
ethyl acetate fraction; indo, indomethacin
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enriched extracts have been reported to 
confer a wide range of physiological and health 
benefits [17]. For example, polyphenolic 

allergenic, antiviral, 
secretory, anti-
-inflammatory, 

modulatory and parasitic activities. In 
traditional medicine, water or ethanolic solutions 
are the main solvents used in the preparation of 

These solvents mainly extract 
polar compounds, primarily phenolic compounds 
[19]. In this study, the WatF had the highest 
content of phenolic compounds. The latter may 

oxidant and anti-
inflammatory activities when compared with 
those of the other extracts and fractions in this 

e of secondary metabolites, 
such as triterpenoids, in addition to sterols, 
essential oils [20,21] secoiridoids [22] and 
monoterpenes [23], have been described in S. 

, there are no reports of the presence of 
S. spinosa leaves. 

The effects of the extracts and fractions of S. 
1 and COX-2) are 

1. The ButF, WatF 
and HexF selectively inhibited COX-1, with 

percentage inhibition of 71.08 ± 1.91%, 
1.62% and 68.65 ± 1.52%, respectively. The 
percentage inhibition did not differ significantly (
= .05) from that of indomethacin, which was used 
as the reference standard (80.12 ± 2.52%). MetE 
and DcmMetE selectively inhibited COX
percentage inhibition of 72.06 ± 1.87% and 59.60 
± 1.33%, respectively. Indomethacin inhibited 
COX-2 (93.09 ± 3.20%), and the percentage 
inhibition did not differ significantly from the 
percentage inhibition of MetE and DcmMetE. The 
AlkE significantly inhibited both COX
2, with percentage inhibition of 60.87 ± 1.70% 
and 67.65 ± 2.00%, respectively, whereas 
indomethacin had an IC50 of 3.50 ± 0.006 and 
190.5 µM against COX-1 and COX
respectively.  
 
The X-ray crystal structure of both enzymes 
suggests that the proteins share a very similar 
tertiary conformation [24]. The amino acids that 
serve as a substrate binding pocket and    
catalytic site are nearly identical in both enzymes 
[24]. 
 
Four levels of activity are defined in the COX 
assay, with activity below 20% considered 
insignificant, 20–40% considered low, 40
considered moderate and 70–100% considered 
high [25] Based on these criteria, the results in 
this study showed that the AlkE of 

 
Fig. 2. Inhibition of COX enzymes 

. Data represent mean ± SEM. COX-1, cyclooxygenase 1; COX
AcetE, acetone extract; MetE, methanol extract; DcmMetE, dichloromethane/methanol extract; AlkE

Butanol fraction; WatF, water fraction; HexF, n-hexane fraction; ChlF, chloroform fraction; EtAcF, 
indomethacin The different superscript letters denote a significant difference 

(P = .05). 
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percentage inhibition of 71.08 ± 1.91%, 65.98 ± 
1.62% and 68.65 ± 1.52%, respectively. The 
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) from that of indomethacin, which was used 
as the reference standard (80.12 ± 2.52%). MetE 
and DcmMetE selectively inhibited COX-2, with 
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± 1.33%, respectively. Indomethacin inhibited 
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1, cyclooxygenase 1; COX-2, cCOX- 2; 
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Table 1. Anti-inflammatory activities of extracts and fractions from S. Spinosa 
 

Extracts IC50 (pg/mL) 
COX 1 (units) COX 2 (units) 

AcetE ND
 

ND
 

MetE ND 14.47 ± 0.12a 
DCMMetE ND

 
15.51 ± 0.05

b
 

AlkE 15.42 ± 0.01 14.81 ± 0.11
a
 

Fractions   
nButF 14.66 ± 0.01

a
 ND 

WatF 15.25 ± 0.20b ND 
HexF 14.93 ± 0.01

a
 ND 

ChlF ND ND 
EtOAF ND ND 
Indo 3.5 ± 0.00

c
 190  ±  0.01 

*Means with different superscript letters are significantly (P = .05) different. 
 

leaves moderately inhibited both COX-1 and 
COX-2 activity, whereas the ButF, WatF and 
HexF selectively and significantly (P = .05) 
inhibited COX-1. The MetE and DcmMetE 
selectively inhibited COX-2 activity. The latter 
was likely due to the high contents of phenolics 
and alkaloids in the plant [23]. Phenolicsalkaloids 
and triterpenoids have been reported to exhibit  
anti-inflammatory activity in previous studies [26]. 
The studies showed that they exerted anti-
oxidative properties, reduced superoxide 
dismutase (O2˙–) and malondialdehyde (MDA) 
production, and reduced plasma extravasations 
and cell migration, mainly of leukocytes. 
Furthermore, they potentiated the radical 
scavenging activity of superoxide dismutase 
SOD [23]. Reactive species are one of the most 
important mediators in provoking and sustaining 
inflammatory processes [23,26,27]. 
Consequently, their removal by antioxidants and 
radical scavengers, such as phenolic 
compounds, has the potential to alleviate 
inflammation [26,27]. Previous research reported 
that ROS played a regulatory role in the 
expression of COX, particularly COX-2 and 
subsequent synthesis of prostaglandin E2 (PGE2), 
leading to inflammation [23]. Therefore, it is not 
surprising the AlkE inhibited both COX-1 and 
COX-2 in the present study. A previous study 
reported that alkaloids inhibited COX-1 and 
COX-2 enzymes [28]. Research also suggested 
that inhibition of COX-1 may lead to adverse 
effects, such as gastric ulceration, and increase 
risk of adverse cardiovascular events. As a 
result, much emphasis has been placed on the 
development of selective COX-2 inhibitors [27]. 
 

4. CONCLUSION 
 

The selective inhibition of COX 1 and COX 2 by 
the extracts point to the potential of S.spinosa as 

a potent anti-inflammatory agent. The results 
support the use of extracts from S. spinosa 
leaves in traditional medicine for the treatment of 
inflammation-related conditions. 
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