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Chronic non-communicable diseases are responsible for a large majority of deaths worldwide. These 
include cardiovascular and respiratory diseases, diabetes and cancer. Inflammation has been reported 
to be involved in the initiation or progression of these conditions. Populations in developing or low to 
middle- income countries often rely on traditional medicine using locally available herbs and plants for 
their medical care. This study examined the anti-inflammatory potential of aqueous extracts of twelve 
medicinal plants used in Nigeria.  The antioxidant activity was estimated using the total radical-trapping 
antioxidant parameter (TRAP) and ferric reducing ability (FRAP) assays. The abilities to inhibit nuclear 
factor kappa light chain enhancer of activated B cells (NfkB), a key regulator of the inflammatory 
response, and to activate nuclear factorE2 related factor 2 (Nrf2), a transcription factor that regulates 
cellular antioxidant defense systems, were determined using in vitro cell based assays. Extracts of 
Erythrina senegalensis (leaves), Sclerocarya birrea (bark), Boswellia dalzielli (leaves and bark), 
Pseudrocedrila kotschyi (bark), Sterculia setigera (stem bark), and Sarcocephalus esculentus (bark) 
contained the highest levels of antioxidant activity. Extracts that showed the greatest inhibition of NfkB 
were S. esculentus (bark), 91.8%; E. senegalensis (leaves), 81.4%; S. birrea (stem bark), 77.5%; and S. 
setigera (stem bark), 75.5%. B. dalzielli (leaves) and Xylopia aethiopica (leaves) gave 7.4 and 7.7 fold 
activation of Nrf2, respectively. These were comparable to activation by sulphorophane. 
 
Key words: NfkB inhibition, Nrf2 activation, antioxidant activity, inflammation, medicinal plants, Nigeria.   

 
 
INTRODUCTION 
 
According to the World Health Organization, more than 
70% of deaths worldwide can be attributed to chronic 
non-communicable diseases. These include 
cardiovascular diseases, cancer, respiratory diseases, 
and diabetes (WHO, 2018; Unwin and Albert, 2006). The 
majority of these deaths occur in  developing  and  low- to 

middle-income countries where people rely on traditional 
medicine for their everyday health care (WHO, 2019). 
Inflammation is reported to play a role in the initiation 
and/or progression of many of these conditions (Kosmas 
et al., 2019; Christodoulidis et al., 2014; Kundu and Surh, 
2008; Fernandes et al., 2015; Wang et al.,  2018;  Shaikh  
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et al., 2019; Tsalamandris et al., 2019;Baker et al., 2011).  

Inflammation is initiated by the innate immune system 
in response to infection or tissue injury. Activated 
macrophages and neutrophils release reactive oxygen 
species (ROS) such as superoxide, hydrogen peroxide, 
nitric oxide, and pro-inflammatory cytokines that include 
TNFα (Abbas et al., 2012). Both ROS and TNFα activate 
NFκB, a proinflammatory transcription factor that is a 
critical regulator of the inflammatory response (Liu et al., 
2017; Kunnumakkara et al., 2020).NFκB regulates a 
large number of genes involved in processes of the 
immune and inflammatory responses as well as the 
expression of enzymes involved in the generation of ROS 
including  NADPH oxidase (Anrather et al., 2006), NO 
synthase (Li et al., 2007), cyclooxygenase (Deng et al., 
2003), xanthine oxidase (Xu et al., 1996), and 
phospholipase A2  (Schutze et al., 1992; Szymczak-Pajor 
et al., 2020).  

Although mounting an immune response to infection or 
injury is essential to life, unregulated production of ROS 
may result in chronic inflammation. The generation of 
ROS beyond cellular antioxidant capacity can damage 
DNA, proteins, lipids and cell membranes (Farber, 1994) 
and result in the initiation of various chronic diseases. 
Balancing the production of ROS with their removal is 
attained by activating cellular antioxidant defense 
systems. Nrf2 is the primary transcription factor that 
regulates the synthesis of various detoxification enzymes 
and proteins such as glutathione-S transferases, NADPH: 
quinone oxidoreductaase, gamma-glutamylcysteine 
synthase, ferritin, and heme oxygenase (Chen and 
Kunsch, 2004). Inhibiting NFκB and increasing Nrf2 
activity in the occurrence of excessive ROS production 
may provide a therapeutic approach to treating chronic 
inflammation (Chen and Kunsch, 2004; Gupta et al., 
2010; Zhang et al., 2017; Sivandzade et al., 2019). 

Although steroids and other non-steroidal drugs are 
commonly used for treating inflammatory disorders, 
populations in many low- income and developing 
countries rely on traditional medicine for their health care 
because conventional pharmaceuticals are costly or may 
not be accessible (WHO, 2019; Oyebode et al., 2016; 
James et al., 2018). Traditional medicine practitioners 
commonly use infusions or decoctions made from plants 
available in their area (Gurib-Fakim, 2006). Plant extracts 
contain antioxidants and other phytochemicals that have 
been demonstrated to affect various transcription factors 
and cytokines involved in the inflammatory process 
(Spelman et al., 2006; Talhouk et al, 2007; Orlando et al., 
2010; Ghosh et al., 2016; Qin and Hou, 2016).   

It is estimated that more than 80% of Nigerians rely on 
traditional healers and herbal remedies made from whole 
plants or plant parts such as leaves, bark, and roots 
(Odugbemi, 2006). The present study aimed to determine 
the antioxidant capacity of aqueous extracts of 12 plants 
commonly used by traditional medical practitioners in 
Nigeria. The ability of these preparations to  inhibit  NFκB  

 
 
 
 
and activate Nrf2 activities in cell-based assays was also 
determined.    
 

 
MATERIALS AND METHODS 
 
Specimen collection 
 
Plants used for medicinal purposes were collected in the Babale 
Ward in the Jos North Local Government area of Plateau State, 
Nigeria. Plants were identified and authenticated by Dr. M. Adul-
Kareem from the Department of Horticulture at the Federal College 
of Forestry, Plateau State, Nigeria. Voucher specimens were 
deposited at the Herbarium of the Federal College of Forestry at the 
same location.  

After removing dirt and debris by rinsing with water, the plants 
were in the shade. The plants were separated into parts (leaves, 
stem bark, bark). Some specimens were analyzed in the whole 
plant form. Samples were transported to Albuquerque, NM, USA for 
analyses. Prior to analyses, specimens were ground to a fine 
powder in a stainless steel grinder and dried in a vacuum 
desiccator to constant weight. A list of the plant materials collected 
for analyses and some of their common uses are presented in 
Table 1.  
 
 

Preparation of aqueous extracts 
 
Aqueous plant extracts were prepared by adding 10 ml of distilled 
water to 0.5 g of sample in a 16 × 150 mm Pyrex glass tube. After 
vortexing, samples were heated at 80°C for 30 min. The samples 
were then centrifuged  (Fisherbrand 614 series centrifuge, Fisher 
Scientific, Waltham, MA, USA)at 1200 g for 10 min to clarify the 
extract. The clarified samples were filter-sterilized and stored at 4°C 
in the dark until analyzed or at -70° for longer term storage.  
 
 
Antioxidant capacity determination 
 

The term antioxidant includes substances with different mechanisms 
of action. Since no single assay can recognize all the different types 
of antioxidants, the antioxidant capacity of the aqueous extracts 
was determined by two different methods (Schleiser et al., 2002; 
Huang et al., 2005): the total radical-trapping antioxidant parameter 
assay (TRAP) (Re et al., 1999) and the ferric reducing ability assay 
(FRAP) (Benzie and Strain, 1999). The TRAP assay measures the 
ability of antioxidants in the sample to interfere with the reaction 
between peroxyl radicals and a target probe.  It is useful for 
determining the content of non-enzymatic antioxidants, such as 
glutathione and ascorbic acid. The FRAP assay reflects the 
electron reducing power of antioxidants (Moon and Shibamoto, 
2009). 
 
 
TRAP assay 
 

For the TRAP assay, 2, 2‟-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) (Sigma Aldrich, St. Louis. MO, USA) was 
reacted with potassium persulfate in the dark, overnight, to 
generate the colored ABTS

. + 
radical cation, which has an absorption 

maximum at 734 nm. The activity of the plant preparations was 
determined by their ability to quench the color of the radical cation. 
Duplicate 10 µl aliquots of the extracts were used for analysis. 
Dilutions of the sample extracts were madcorrespond to the 
standard curve generated using Trolox (6-hydroxy-2, 5, 7, 8 
tetramethylchroman-2-carboxylic acid (Sigma Aldrich, St. Louis, 
MO,   USA)  as  the  reference  material.   Duplicate  measurements  
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Table 1.  Nigerian medicinal plants investigated for their antioxidant and anti-inflammatory properties. 
 

Local name (Hausa) Plant parts analyzed 
Some common uses  

(Borokini, 2011; Odugbemi, 2006) 

Annona senegalensis  Gwandar daaji Bark, leaves 
Dysentery, venereal disease, toothache, 
cough, wound healing, gastrointestinal 
disorders  

Boswellia dalzielli Ararrabi, haro, harrabi Bark, leaves Trypanosomiasis, malaria 

Erythrina senegalensis Mingirya 
Whole plant, 

Leaves 

Jaundice, amenorrhea, dysentery, 
pneumonia, infections, Schistosomiasis  

Ficus thonningii Che‟diya Bark, leaves Fever, dysentery, wound healing  

Khaya senegalensis Madaacii Bark Malaria   

Kigelia Africana Rawaya Whole plant 
Dysentery, rheumatism, cough, malaria, 
gonorrhea  

Momordica balsamina Garahuni Whole plant Malaria, fever, jaundice, stomach ache  

Pseudocedrela kotschyi Tonas Bark Fever, dysentery, hemorrhoids  

Sarcocephalus esculentes Tabashiiye Whole plant, bark Fever  

Sclerocarya bierra Dania Stem bark, leaves 
Dysentery, rheumatism, gonorrhea, 
hypertension, Malaria prophylaxis  

Sterculia setigera   Stem bark, leaves 
Diarrhea, dysentery, ulcers, boils, 
gastrointestinal disorders  

Xylopia aethiopica Kimba dutse Leaves 
Neuralgia, stomach ache, bronchitis, 
gonorrhea, antimicrobial activity  

Annona senegalensis  Gwandar daaji Bark, leaves 
Dysentery, venereal disease, toothache, 
cough, wound healing, gastrointestinal 
disorders  

Boswellia dalzielli Ararrabi, haro, harrabi Bark, leaves Trypanosomiasis, malaria 

Erythrina senegalensis Mingirya 
Whole plant, 

Leaves 

Jaundice, amenorrhea, dysentery, 
pneumonia, infections, Schistosomiasis  

Ficus thonningii Che‟diya Bark, leaves Fever, dysentery, wound healing  

Khaya senegalensis Madaacii Bark Malaria   

Kigelia Africana Rawaya Whole plant 
Dysentery, rheumatism, cough, malaria, 
gonorrhea  

Momordica balsamina Garahuni Whole plant Malaria, fever, jaundice, stomach ache  

Pseudocedrela kotschyi Tonas Bark Fever, dysentery, hemorrhoids  

Sarcocephalus esculentes Tabashiiye Whole plant, bark Fever  

Sclerocarya bierra Dania Stem bark, leaves 
Dysentery, rheumatism, gonorrhea, 
hypertension, Malaria prophylaxis  

Sterculia setigera   Stem bark, leaves 
Diarrhea, dysentery, ulcers, boils, 
gastrointestinal disorders  

Xylopia aethiopica Kimba dutse Leaves 
Neuralgia, stomach ache, bronchitis, 
gonorrhea, antimicrobial activity  

 
 
 
were made and given as the average.  Results are expressed as 
the mmol Trolox equivalents/ml aqueous extract.  
 
 
FRAP assay 
 
For the FRAP assay, the ferric complex of 2,4,6–tripyridyl-s-triazine 
was prepared at acidic pH, and the anti-oxidant  activities of the 
plant preparations were determined by their abilities  to  reduce  the 

ferric complex to the ferrous complex, monitored by formation of the 
ferrous complex at 593 nm.  Results are expressed as the mmol  
Trolox equivalents/ml aqueous extract. 
 
 
Inhibition of NFκB activation  
 
An NFkB reporter stable cell line derived from human 293T 
embryonic kidney cells  (293T/NFκB-luc) (Panomics, Inc.  Redwood  
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City, CA) was grown in a humidified atmosphere at 37°C in 5% 
CO2/95% air. The cells were maintained in Dulbecco‟s Modified 
Eagle‟s Medium (DMEM-high glucose containing 4 mM glutamine) 
supplemented with 10% fetal bovine serum (FBS), 1 mM sodium 
pyruvate, 100 units/ml penicillin, 100 µg/ml streptomycin and 100 
µg/ml hygromycin (Gibco/Invitrogen, Carlsbad, CA) to maintain cell 
selection.  One day before treatment with the plant extracts, the 
293T/NFkB-luc cells were plated into 24-well cell culture plates  
 (Costar, Cambridge, MA) at approximately 70% confluency in the 
above media without hygromycin.  The following day cells were fed 
fresh media 1 h prior to treatment. Media, with or without 
recombinant tumor necrosis factor (TNFα, 2ng/ml) (R&D 
Biosciences/clontech, Palo Alto, CA), was then applied to the cells 
followed by immediate addition of 50µL plant extracts. The cells 
were then placed in a humidified atmosphere in 5% CO2/95% air for 
7 h. Plate wells were gently washed with 1x passive lysis buffer 
(Promega, Madison, WI).  The subsequent lysates were analyzed 
using the Luciferase Assay System (Promega) utilizing a TD-20/20 
luminometer (Turner Designs, Sunnyvale, CA). The firefly luciferase 
relative light units were normalized to protein (mg/ml) with BCA 
Protein Assay Kit (Pierce, Rockford, Il) and standardized to percent 
of control (TNFα control).  Results (percent of control) are given as 
the average of duplicate analyses.  

 
 
Activation of Nrf2 
 
As previously described (Deck et al., 2017), a Nrf2-ARE reporter-
Hep G2 stable cell line (BPS Bioscience, San Diego, CA, USA) was 
grown in a humidified atmosphere at 37

O
C in CO2 (5%)/air (95%).  

The cells were maintained in MEM medium with Earles balanced 
salts and L-glutamine (Gibco, Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS), 1 mM sodium 
pyruvate, 1% non-essential amino acids, penicillin (100 units/ml), 
streptomycin (100 µg/ml), and Geneticin (400 µg/ml) to maintain cell 
selection.   

One day prior to treatment, the Nrf2-ARE cells were plated into 
24-well cell culture plates (costar, Cambridge, MA, USA) at 
approximately 30% confluency in the above media without 
Geneticin. The following day, fresh media with or without 
sulforaphane (15 µM) was added to appropriate wells as controls.  
Plant extracts (50 µl) were then applied to the sample wells.  The 
cells were again placed in a humidified atmosphere at 37°, CO2 

(5%), air (95%) for 24 h. Cells were washed with phosphate 
buffered saline (PBS), pH 7.4, and lysed with 1x passive lysis buffer 
(Biotium, Hayward, CA, USA). The lysates were analyzed using the 
Luciferase Assay System (Biotium, Hayward, CA, USA) and a E-
5311 GloMax 20/20 luminometer (Promega, Sunnyvale CA, USA). 
The firefly luciferase relative light units were normalized to protein 
(mg/ml) determined using the BCA Protein Assay Kit (Pierce, 
Rockford, IL, USA) and then standardized to percent of control 
activation.  

 
 
Plant extract toxicity 

 
Plants commonly used in traditional medicine are assumed to be 
safe of acute toxicity based on their long-term usage.  However, 
some recent studies have shown that many plants may contain 
toxic, mutagenic, or carcinogenic compounds (Letsyo et al., 2017; 
Mounanga et al., 2015; Valdivia-Correa et al., 2016). For 
determination of cell viability in the presence of the plant extracts, 
293T/NFκB-luc cells were prepared as described above and then 
plated at approximately 5,000 cells/well in a 96-well plate. Triplicate 
plant extracts, 10 µl in 100 µl media, were then added to the wells.  
Appropriate dilutions of the plant extracts were made to equal the 
amount used in the NFκB inhibition analyses. After incubating for  6  

 
 
 
 
h, 10 µl WST-1 Cell Proliferation Reagent (Roche Applied Science, 
Indianapolis, IN, USA) was added and the cells were incubated as 
described above for 45 min. The WST-1 dye is reduced by 
metabolically active cells and was quantified 450 nm using a 
Spectromax plate reader (Molecular Devices Co., Sunnyvale CA, 
USA). Results are expressed as the percent absorption of control 
(untreated) cells 
 
 
RESULTS 
 
Antioxidant activity 
 
In the TRAP assay, Erythrina senegalensis (leaves) and 
Sclerocarya birrea (bark) exhibited antioxidant activities 
approximately five times higher than the following two 
highest plants: Boswellia dalzielli (both leaves and bark) 
and Pseudocedrela kotschyi (bark) (Figure 1). Sterculia 
setigera (stem bark) and Sarcocephalus esculentus 
(bark) had the next highest activities.   

In the FRAP assay, E. senegalensis (leaves), P. 
kotschyi (bark), and S. birrea (bark) had the highest 
activity, followed by B. dalzielli (bark and leaves) (Figure 
2).  
 
 
NFkB inhibition 
  
The inhibition of NFκB activation by the plant extracts in 
the presence of TNFα is shown in Figure 3.  Plant 
extracts that inhibited the activation by more than 50% 
are: S. esculentus (bark) 91.8%; E. senegalensis 
(leavesl) 81.4%; S. bierra (stem bark) 77.5%; S. setigera 
(stem bark) 75.5%; Khaya senegalensis (bark) 62.4%; 
and Annona senegalensis (bark) 53.1%. The remainder 
of the plant extracts gave less than 50% inhibition. 
 
 
Activation of Nrf2 
 

Two plant preparations gave activation of Nrf2 
comparable to sulphorophane, a known promoter of Nrf2 
activity (Keum, 2011) (Figure 4). Extracts of B. dalzielli 
(leaves) and Xylopia aethiopica (leaves) demonstrated a 
7.4 and 7.7 fold increase in Nrf2 over baseline (no 
sulphorophane), respectively. These activities were equal 
to 83 and 81% of the sulphorophane activation.  
 
 

Correlation of antioxidant capacity and NFκB 
inhibition 
 

The antioxidant capacity as determined by the TRAP 
assay was significantly correlated with NFkB inhibition 
(p=0.002, r =-0.64). A significant relation was also 
observed between antioxidant capacity determined by the 
FRAP assay and NFκB inhibition (p=0.008, r= -0.569). 
Correlation between the FRAP and TRAP antioxidant 
activities was also found (p=0.001, r=0.89). 
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Figure 1. TRAP assay: mmoles Trolox equivalents/ml aqueous 
extract. Plant: 1. Annona senegalensis (a) bark, (b) leaves; 2. 
Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina senegalensis (a) 
whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) leaves; 5. 
Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, 
bark; 9. Sarcocephalus esculentus (a) whole plant, (b) bark; 10. 
Sclerocarya birrea (a) stem bark, (b) leaves; 11. Sterculia setigera 
(a) stem bark, (b) leaves; 12. Xylopia aethiopica, leaves.   

 
 
 

 
 

Figure 2. FRAP assay: mmoles Trolox equivalents/ml aqueous 
extract. Plant: 1. Annona senegalensis (a) bark, (b) leaves; 2. 
Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina senegalensis 
(a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) leaves; 
5. Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, 
bark; 9. Sarcocephalus esculentus (a) whole plant, (b) bark; 10. 
Sclerocarya birrea (a) stem bark, (b) leaves; 11. Sterculia 
setigera (a) stem bark, (b) leaves; 12. Xylopia aethiopica, leaves.     
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Figure 3. Percent NfkB inhibition per 10µl aqueous extract: Plant: 1. Annona 
senegalensis  (a) bark, (b) leaves;2. Boswellia dalzielli (a) bark, (b) leaves; 3. 
Erythrina senegalensis (a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, 
(b) leaves; 5. Khaya senegalensis, bark; 6.Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, bark; 
9.Sarcocephalus esculentus bark (a) whole plant, (b) bark; 10. Sclerocarya 
birrea (a) stem bark, (b) leaves; 11. Sterculia setigera (a) stem bark, (b) 
leaves; 12. Xylopia aethiopica, leaves.   

 
 
 

 
 

Figure 4.  Nrf2 fold activation per 10µl extract. Plant: 1. Annona senegalensis 
(a) bark, (b) leaves: 2. Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina 
senegalensis (a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) 
leaves; 5. Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, bark; 9. 
Sarcocephalus esculentus (a) whole plant, (b) bark; 10. Sclerocarya birrea (a) 
stem bark, (b) leaves; 11. Sterculia setigera (a) stem bark, (b) leaves; 12. 
Xylopia aethiopica, leaves.   



 
 
 
 
Plant extract toxicity 
 
293TN/NFκB cells treated with plant extracts had 58 to 
100% viability compared to control (untreated cells): S. 
birrea (stem bark) 58%; S. esculentus (bark) 65%; E. 
senegalensis (leaves) 68%; Annona senegalensis (bark) 
70%; Pseudocedrela kotschyi (bark) 71%; Annona 
senegalensis (leaves) 76%; Khaya senegalensis (bark) 
80%; S. setigera (stem bark) 76%; Khaya senegalensis 
(bark) 80%; Ficus thonningii (bark) 89%; B. dalzielli (bark) 
84%; S.birrea (leaves) 90%; X. aethiopica (leaves) 92%; 
B.dalzielli (leaves) 98%;  S. setigera (leaves) 100%; 
Momordica balsamina (whole plant)  100%; Kigelia 
africana (whole plant) 100%; Ficus thonningii (leaves) 
100%; E. senegalensis (whole plant ) 100%; S. 
esculentus (whole plant)  100%.  
 
 
DISCUSSION 
 
Aqueous extracts of several of the Nigerian medicinal 
plants examined in this study, namely  E. senegalensis 
(leaves), S. birrea (stem bark), S. esculentus (bark), S. 
setigera (stem bark),  B. dalzielli  (bark),  and X. 
aethiopica  (leaves) inhibited  the pro-inflammatory  NFκB 
signaling pathway or activated the antioxidant  NrF2 
signaling pathway.  

E. senegalensis (leaves) had the highest antioxidant 
activity of the plants tested and was also a promising 
inhibitor of pro-inflammatory NFkB activation (81.4%).  A 
spiny tree found in west tropical Africa, it is commonly 
used as an ornamental shrub (Tropical Plants Database, 
2020). Decoctions of E. senegalensis leaves are 
traditionally used for treating wounds, various fevers, 
gastrointestinal disorders, and infertility in women (Togola 
et al., 2005).  An aqueous leaf extract was reported to 
provide a protective effect against oxidative liver damage 
in rats exposed to CCl4 (Wakawa and Hauwa, 2013).  In 
an in vivo study using the egg- albumin induced acute 
edema model, an aqueous extract of the stem bark 
demonstrated significant analgesic and anti-inflammatory 
activity in rats (Saidu et al., 2000). An ethanol extract of 
Erythrina senegalensis leaves was also reported to have 
wound healing activity in albino rats (Ilodigwe et al., 
2014).  Various phytochemicals have been isolated from 
the plant and may provide some of the anti-inflammatory 
and antioxidant activities observed (Kone et al., 2011). 

S. birrea is a medium –size deciduous tree found in the 
semi-arid and savannah regions of sub-Saharan Africa 
(National Research Council, 2008) and its fruit is a 
traditional African food.   Preparations from various parts 
of the tree are widely used throughout Africa for treating 
dysentery, diarrhea, indigestion, fungal infections, snake 
bite, and diabetes (Ojewole et al., 2010). In the present 
study, the aqueous bark extract had antioxidant levels 
comparable to Erythrina senegalensis and was also a 
good inhibitor of NFκB activation  (77.5%).  In  an  in  vivo  
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test of anti-inflammatory activity, both aqueous and 
methanol extracts of the stem bark were reported to 
reduce rat paw edema induced by egg albumin in Wistar 
rats (Ojewole, 2003; Fotio et al., 2009). Analyses of the 
stem bark and leaves of S. birrea demonstrated the 
presence of various phytochemicals such as phenols, 
flavonoids and flavonols that could contribute to the 
antioxidant and anti- inflammatory properties (Tanih and 
Ndip, 2012; Braca et al., 2003). 

The bark of the S. esculentus, widely found throughout 
West Africa (Dalziel, 1937, a) showed the most promising 
inhibition of NFκB activation of the extracts investigated  
in this study (91.8%).  Bark preparations are used for 
fevers, indigestion related halitosis, vomiting, and 
toothache. Otimenyin and co-workers (Otimenyin et al., 
2008) reported that aqueous extracts of the roots of S. 
esculentus inhibited egg-albumin induced rat paw edema 
and acetic acid-induced writhing in mice in a dose-
dependent manner.  

The two plants in this study that exhibited activation of 
Nrf2 comparable to sulforophane were B. dalzielli (bark) 
and X. aethiopica (leaves). B. dalzielli, found in northern 
Nigeria and the West African savannah (Dalziel, 1937b), 
is a species of the frankincense tree. Extracts of the leaf 
are used for diarrhea and extracts of the stem bark are 
commonly used for fever, rheumatism, and 
gastrointestinal disorders. (Mbiantcha et al., 2018)  
reported that a methanol extract of the stem bark had an 
anti-inflammatory effect in several models of rat paw 
edema including the carrageenan, arachidonic acid, 
histamine and bradykinin models (Mbiancha, 20018). The 
extract also significantly reduced the production and 
release of ROS from isolated human polymorphonuclear 
cells and mouse peritoneal macrophages and decreased 
the production of the inflammatory cytokines TNFα and 
IL-1b. In another study of the anti-inflammatory properties 
of the B. dalzielli stem bark, Kafuti et al. (2019) reported 
that the methanol and aqueous fractions of the extract 
had significant antioxidant activity measured by both a 
radical scavenging assay and the FRAP assay.  These 
results are in agreement with those obtained in our study 
using an aqueous preparation.  

X. aethiopica, an aromatic evergreen plant that is 
widespread in West Central and Southern Africa, is used 
for the treatment of fever, cough, dyspepsia, skin 
infections and muscular and rheumatic pain (Dalziel, 
1937). An ethanol/water extract of the leaves was 
reported to decrease TNFα and IL-6 levels in LPS 
activated THP-1 derived macrophages, suggesting its 
usefulness as an anti-inflammatory agent (Macedo et al., 
2020). Moukette et al., (2015)  tested ethanol and 
ethanol/water extracts of the X. aethiopica  bark in liver 
homogenates and found that both extracts exhibited 
antioxidant activity in both free radical scavenging and 
the FRAP assays. The present study used the 
unfractionated aqueous extract of the plants and did not 
identify individual components.  A  variety  of  compounds  
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may be present in plant extracts depending on the part of 
the plant used and the solvent used for preparing the 
extract. Constituents may include various vitamins (e.g., 
vitamin C, vitamin E, carotenoids) and other 
phytochemicals such as polyphenols. This may allow 
synergistic effects of multiple components to contribute to 
the antioxidant and anti-inflammatory effects observed 
(Gilbert and Alves, 2003). 

When using plant preparations for treatment, several 
factors need to be considered: the bioavailability of the 
active components, the co-extraction of toxic compounds, 
and interference in the efficacy of conventional 
pharmaceuticals when used simultaneously with the 
herbal preparations.  Polyphenols occur in multiple forms 
including glycosides and polymers. Depending on the 
particular polyphenol, the compounds must be acted on 
by intestinal enzymes prior to absorption by enterocytes 
and then modified by the liver prior to export into the 
circulation.  The rate of absorption has been shown to be 
dependent on the structure of the polyphenol (Kawabata 
et al., 2019; Silberberg et al., 2006). Herbal preparations 
may also interfere with the effectiveness of conventional 
pharmaceuticals by causing alterations in gastrointestinal 
function affecting absorption, inhibiting or inducing 
enzymes involved in metabolism, or affecting the renal 
excretion of drugs or their metabolites (Fasinu et al., 
2012).  

In addition to beneficial components, plants may also 
contain toxic compounds. For example, Letsyo and 
coworkers analyzed 70 herbal medicine products 
commonly used in Ghana and other West African 
countries and reported that 60% of them contained 
pyrrolizidine alkaloids (Letsyo et al., 2017).These are 
present as a defense against herbivores and occur 
predominantly as N-oxides. They show little or no toxicity 
in that form but are metabolized by the liver to toxic 
tertiary pyrrolizidine alkaloids. All of the plant extracts 
examined in this study gave viability of 65% or greater in 
the cell toxicity tests.   

In summary, aqueous extracts of the plants examined 
in this study showed anti-inflammatory activity by various 
mechanisms such as the inhibition of the pro-inflammatory 
NfkB signaling pathway or the activation of the Nrf2 
antioxidant signaling pathway in in vitro assays.  Further 
studies should include the identification of active 
components present in these extracts and the 
determination of their bioavailability in vivo  
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