
Malaysian Journal of Analytical Sciences, Vol 20 No 5 (2016): 1191 - 1202 

DOI: http://dx.doi.org/10.17576/mjas-2016-2005-26 

 

1191 

 

 

MALAYSIAN JOURNAL OF ANALYTICAL SCIENCES 

Published by The Malaysian Analytical Sciences Society 

 
 

IN VITRO NITRIC OXIDE SCAVENGING AND ANTI INFLAMMATORY 

ACTIVITIES OF DIFFERENT SOLVENT EXTRACTS OF VARIOUS PARTS 

OF Musa paradisiaca 
 

(Aktiviti Pemerangkapan Nitrik Oksida dan Anti-Radang Secara In Vitro oleh Ekstrak Pelarut 

Berbeza dari Pelbagai Bahagian Musa paradisiaca) 
 

U.S Mahadeva Rao
1
*, Bashir Ado Ahmad

1
, Khamsah Suryati Mohd

2,3 

 
1Faculty of Medicine,,  

Universiti Sultan Zainal Abidin, Medical Campus, 21400 Kuala Terengganu, Terengganu, Malaysia 
2Faculty of Bioresources and Food Industry 

3Agriculture Production and Food Innovation Research Institute 

 Universiti Sultan Zainal Abidin, Tembila Campus, 22200 Besut, Terengganu, Malaysia 

 

*Corresponding author: raousm@gmail.com 

 

 

Received: 14 April 2015; Accepted: 3 August 2016 

 

 

Abstract 

Inflammatory diseases are an important health concern, and the growing rate is on the rise. Finding a safe drug for these diseases 

remains an important issue. The study aimed to determine the nitric oxide (NO) scavenging as well as anti-inflammatory 

activities of Musa paradisiaca (banana). Musa paradisiaca plant parts used in this study namely tepal, skin (peel) and flesh 

(pulp) were extracted with methanol (tepal, flesh and skin), ethanol (tepal) and water (tepal) using cold maceration technique. 

Phytochemicals screening of the extracts was carried out. The ability of the extracts to scavenge NO radical was evaluated using 

Griess reagent. The anti-inflammatory activity of the extracts was assessed by evaluating the ability of the extract to inhibit 

RAW 264.7 macrophage cell line from generating harmful NO induced by bacterial lipopolysaccharide (LPS). In order to 

determine the toxicity of the extracts to the cells while exerting its anti-inflammatory activity,cytotoxicity was measured using 

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.The extract was found to contain bioactive 

chemicals like flavonoids, saponins, phenols, etc. Maximum NO radical inhibition of 41.05% was recorded in the tepal aqueous 

extract, and minimum inhibition of 22.34% was recorded in the flesh extract. All others showed mild inhibition as well. Flesh 

extract has the highest NO (generated by LP) inhibitory activity, with the maximum inhibition of 52.21% at 250 µg/mL, 

followed by tepal aqueous extract with maximum inhibition of 48.16% at 62.5 μg/mL. The least inhibition was noted in the tepal 

methanol extract that has the maximum inhibition of 19.63% at     62.5 μg/mL. The viability of the activated macrophages was 

not affected by the extracts as confirmed by the MTT assay, thereby indicating that the inhibition of NO synthesis by the extracts 

was not due to cytotoxic effects. Overall, Musa paradisiaca plant parts have the potential as anti-inflammatory and studies in this 

aspect should be intensified. 

 

Keywords:  anti-Inflammation, MTT, Musa paradisiaca, RAW 264.7 

 

Abstrak 

Penyakit radang merupakan gejala penyakit yang semakin mendapat perhatian dan kadar kedapatan (penyakit) semakin 

meningkat. Pencarian ubat yang selamat untuk penyakit ini masih menjadi isu penting. Kajian ini bertujuan menentukan aktiviti 

pemerangkapan nitrik oksida (NO) serta anti radang oleh Musa paradisiaca (pisang). Bahagian – bahagian Musa paradisiaca 

yang diguna dalam kajian ini adalah jantung, kulit (kupasan) dan isi (pulpa). Sampel – sampel telah diekstrak dengan metanol 

(jantung, kulit dan isi), etanol (jantung) dan air (jantung) menggunakan kaedah rendaman sejuk. Penyaringan fitokimia keatas 

ekstrak telah dijalankan. Keupayaan ekstrak memerangkap radikal NO dinilai menggunakan reagent Griess. Aktiviti anti radang 
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oleh bahan terekstrak telah ditentukan melalui penilaian terhadap keupayaan menghalang sel makrofaj RAW 264.7 daripada 

menghasilkan NO yang diaruh oleh lipopolisakarida (LPS) bakteria. Bagi menentukan ketoksikkan ekstrak terhadap sel semasa 

ianya bertindak sebagai anti radang, tahap sitotiksik telah diukur menggunakan ujian MTT [3-(4,5-dimetiltiazol-2-il)-2,5-

difeniltetrazolium bromida]. Kajian mendapati bahawa ekstrak pisang mengandungi bahan kimia bioaktif seperti flavonoids, 

saponins, fenols, dan lain - lain. Perencatan maksima radikal NO sebanyak 22.34% telah direkodkan bagi ekstrak akueus jantung 

pisang, dan kadar perencatan minima telah direkodkan pada ekstrak isi pisang. Kesemua ekstrak yang lain menunjukkan 

perencatan yang rendah. Ekstrak isi pisang mempunyai aktiviti perencatan NO (yang dihasilkan oleh LP) tertinggi dengan 

perencatan maksima  52.21% pada kepekatan 250 µg/mL, diikuti oleh ekstrak akueus jantung pisang dengan perencatan 

maksima  48.16% pada kepekatan 62.5μg/mL. Perencatan terendah telah dicatatkan oleh ekstrak metanol jantung pisang, yang 

mempunyai perencatan maksima 19.63% pada kepekatan 62.5 μg/mL. Kebolehhidupan makrofaj yang diaktifkan tidak terjejas 

oleh ekstrak sepertimana yang dibuktikan oleh ujian MTT, ia menunjukkan bahawa sintesis NO oleh ektrak bukanlah dari kesan 

sitotoksik. Secara keseluruhan, bahagian – bahagian Musa paradisiacal mempunyai potensi sebagai anti radang dan kajian 

mengenainya perlu diperluaskan.  

 

Kata kunci:  anti radang, MTT, Musa paradisiaca, RAW 264.7 
 

 

Introduction 

The body is continuously expose to various noxious agents.This ranges from pathogens (bacteria, viruses, and 

fungi) to various physical and chemical agents as well as environmental pollutions that result in cell injury or death 

[1,2]. The body cells resist and eliminate the effect of these agents through an inherent process termed 

“inflammation”. 

 
Recently, the roles of many inflammatory cells and a large number of inflammatory mediators in many pathologies 

not previously known to be associated to inflammation have been identified. Such pathologies include Alzheimer’s 

disease and cardiovascular disorders including atherosclerosis, as well as cancer [3,4]. For example; acute infection 

is characterized by elevated myeloperoxidases, ROS and IL-6, which in severe disease serve as an index, in viral 

and bacterial causes [5], increased nitric oxide (NO) in exhaled air reflected airway inflammation in asthma patients 

[6,7,8]. 

 

Nitric oxide is an important signalling molecule involved in diverse physiological and pathophysiological 

mechanisms in cardiovascular, nervous and immunological systems. It has contrasting roles in living organisms. It 

acts as a biological mediator, control blood vessel tone in vascular systems and is an important agent in host defence 

effector in the immune system. However, it is a free oxygen radical and has cytotoxic effect in pathological 

processes, particularly in inflammatorydisorders [9-12].Inhibition of iNOS (inducible nitric oxide synthase) may be 

beneficial for the treatment of inflammatory disease [13,14]. Evidence showed that drugs obtained from natural 

sources can modulate various inflammatory mediators (arachidonic acid metabolites, peptides, cytokines, excitatory 

amino acids, etc.), the production and/or action of second messengers (cGMP, cAMP, protein kinases, and calcium), 

the expression of transcription factors such as AP-1, NF-κB, and proto-oncogenes (c-jun, c-fos, and c-myc), and the 

expression of key pro-inflammatory molecules such as inducible NO synthase (iNOS), cyclooxygenase (COX-2), 

cytokines (IL-1β, TNF-α), neuropeptides and proteases [15]. 

 

Plants have been the basis of many traditional medicine systems throughout the world for thousands of years and 

remain the primary new source of structurally significant chemical substances that lead to the development of 

innovative drugs [16,17]. Banana is one of the oldest and well-known fruit worldwide. It has no seeds; it is delicious 

and available throughout the seasons at an affordable cost. Many traditional uses of banana have been documented. 

In addition to its nutritional value, a number of biological activities studies have been carried out on banana and 

these studies prove it to possess bioactivities including anti-hyperglycaemic, anti-ulcerogenic, antioxidant, 

antihypertensive, cardiac depressant, diuretic, anti-tumoral, bronchodilatory, expectorant, oral contraceptive, 

antibacterial, antifungal, among others [18]. 

 

Hence, the aim of this study is to search for a new safer agent from the medicinal plant that has both NO radical 

scavenging as well as anti-inflammatory activities is significant to the field of medicine and health sciences. 
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Materials and Methods 

Plant material: Collection and preparation 

Musa paradisiaca, fruit and tepal, were obtained from Kuala Terengganu, Malaysia. Samples were identified and 

authenticated by Dr. Khamsah Suryati Mohd from the Faculty of Bioresources and Food industry, Universiti Sultan 

Zainal Abidin. The skin (peel) was skinned away and both the skin and the flesh (pulp) were cut and weighed by an 

electrical balance (1.45kg and 3.28kg) respectively, before dried in a drier at 45 °C, their dry weights were 0.41 kg 

and 0.21 kg respectively. After drying, samples were blended into powder, using an electrical blender, and the 

weights were 0.21 kg and 0.10 kg. The tepal was also processed in a similar way and weighed (3kg) and dried at 40 
°
C and then blended to powder (0.42 kg). 

 

Extraction procedure  
The freshly prepared flesh, skin and tepal were extracted twice with methanol (10:2 mL/kg) by cold extraction 

technique and again with ethanol (for the tepal). The samples were kept in the solvents forthree days at room 

temperature with regular shaking. Aqueous extraction of the tepal was done by boiling the sample in distilled water 

at 100 
°
C on a hot plate. All the extracts were vacuum filtered using Whatman filter paper and made semi-solid by 

evaporating the solvents using a rotary evaporator.The water extract was concentrated in an oven at 100 
°
C to obtain 

the crude extracts. The crude extracts were kept in fresh vials and refrigerated (4
 °
C) for further use. 

 

Phytochemical screening 

The phytochemicals screening of the various solvents extract were carried out using standard procedures as 

described by Trease and Evans[19]. The following tests were carried out qualitatively. 

 

Test for glycosides 

Small amount of the extracts was put in 1 mL of water in a test tube followed by the addition of 1 mL of NaOH. A 

yellow precipitate indicates the presence of glycosides. 

 

Test for phenols 

The extract (5mg) was dissolved in distilled water, and 3 mL of 10% lead acetate solution was added. Bulky white 

precipitates indicated the presence of phenols. 

 

Test for Flavonoids 

A few drops of concentrated hydrochloric acid were added to a small amount of the extract. Immediate development 

of red color indicates the presence of flavonoids. 

 

Test for Saponins 

1 mL of each extract was diluted with distilled water to 20 mL and shaken in a graduated cylinder for 15 min. The 

formation of foam of about 1cm indicates the presence of saponins.  

 

Pharmacological activities: Nitric oxide (NO) scavenging activity 

For the experiment, sodium nitroprusside (10 mM) in phosphate buffered solution (pH = 7.4) was mixed with 

various concentrations of the extract prepared in 10% DMSO and incubated under light at room temperature for 15 

min. The same reaction mixture without the tested extract, but the equal amount of the solvent serves as the control 

(the last well). After the incubation, 0.05 mL of Griess reagent (1% sulfanilamide, 2% H3PO4 and 0.1% N-(1- 

naphthyl) ethylenediamine dihydrochloride was added. Ascorbic acid was used as positive control. The absorbance 

was measured at 546 nm and the percentage of NO radical inhibition by the extract was calculated from the formula 

equation 1 below 

 

                [(A0–A1) /A0] ×100                                             (1) 

 

where A0 is the absorbance of the control, and A1 is the absorbance of the extract/standard [20]. IC50 value was 

obtained by drawing the equation of line from the graph of concentration (μg/mL) versus percentage of inhibition. 
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Anti-inflammatory activity: Materials and reagents 

RPMI 1640 media (Gibco), dimethyl sulfoxide (DMSO), lipopolysaccharide (LPS, Escherichia coli) and 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma Chemical Company, 

fetal bovine serum (FBS)(Gibco) and penicillin/streptomycin (Penstrep)(Gibco). 

 

Cell culture (seeding and treatment) 

The  macrophage cell line, RAW 264.7 was obtained from the cell culture lab, Faculty of medicine, Universiti 

Sultan Zainal Abidin. The cells were cultured in Roswell Park Memorial Institute (RPMI, 1640) medium 

supplemented with 1% pen/strep and 10% heat-inactivated fetal bovine serum. The cell was incubated, in a 

humidified incubator, in an atmosphere of 5% CO2 at 37 °C and were subcultured twice before the experiment.  

 

RAW 264.7 cells were seeded onto a 96-well plate (1×10
5
 cells/well) and incubated for 24 hours for the 

experiments. The cells were then treated with the samples at concentrations of 250, 125, 62.5, 31.25, and 15.625 

µg/mL and incubated for 1 hour. They were then stimulated with 1µg/mL of LPS for another 24 hours. The 

supernatant was gently transferred to new 96-well plates and used for NO determination, while the cells remained in 

the old plate were used for the MTT assay of cell viability. Samples (stock) were dissolved in DMSO, and the 

working samples were prepared in the media. The effects of the tested extracts were compared with those of L-N
6
-

(1-iminoethyl) lysine hydrochloride), a known inhibitor of NO production.  

 

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay for cell viability 

MTT is a pale yellow substrate that is reduced by living cells to yield a dark blue formazan product. This process 

requires an active mitochondrion, and only freshly dead cells do not reduce significant amounts of MTT. After 24 

hours incubation with LPS, MTT was added to the medium for 4 hours. At last, the supernatant was removed, and 

the formazan crystals were dissolved in DMSO and incubated for more 15 minutes at room temperature. 

Absorbance was measured at 570nm with reference 630nm. The percentage of dead cells was determined using the 

formula equation 2. 

 

                 𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦(%) =  
𝑇𝑒𝑠𝑡

𝐶𝑜𝑛𝑡𝑟𝑜𝑙
× 100                                          (2) 

 

Nitric oxide assay 

Nitric oxide production was assayed by measuring nitrite in the supernatants of cultured RAW 264.7 cells. The 

assay was carried out as described previously with slight modification [21]. After pre-incubation of RAW 264.7 

cells (1 × 10
5
 cells/mL) with LPS (1 μg/mL) for 24 hours, the amount of nitrite, a stable metabolite of NO use as an 

indicator of NO production, in the culture medium was measured using the Griess reagent (1% sulfanilamide and 

0.1% naphthylethylenediamine dihydrochloride in 2.5% phosphoric acid). A volume of 50 μL of the cell culture 

medium was mixed with 50 μL of the Griess reagent. Subsequently, the mixture was incubated at room temperature 

for 15 min,and the absorbance was measured at 540 nm in a microplatereader. Fresh culture medium was used as a 

blank in every experiment. The quantity of nitrite was determined from a sodium nitrite standard curve as expressed 

in equation 3. 

 

                   𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝑇𝑒𝑠𝑡

𝐶𝑜𝑛𝑡𝑟𝑜𝑙
× 100                                                 (3) 

 

 

Results and Discussion 

Phytochemicals detected in Musa paradisiaca  

The various solvent extracts of Musa paradisiaca, prepared in this work showed the presence of some of the tested 

phytochemicals like flavonoids, phenols, glycosides among others. Research into natural products often, is aided by 

ethnopharmacological knowledge and has brought enormous contributions to drug production by providing novel 

chemical structures and mode of action [22,23]. Methanol and ethanol tepal extracts showed the presence of 

glycosides and phenols in abundance. Flavonoids and saponins were also detected in these extracts. Tepal aqueous 

showed the presence of glycosides, phenols, with abundant flavonoids yet saponins are not detected in this extract. 



Malaysian Journal of Analytical Sciences, Vol 20 No 5 (2016): 1191 - 1202 

DOI: http://dx.doi.org/10.17576/mjas-2016-2005-26 

 

1195 

 

In both skin and flesh methanol extracts, glycosides and phenols were detected with abundant flavonoids in the 

latter and normal in the former (Table 1).  

 

Table 1.  Phytochemicals from the various solvent extracts of Musa paradisiaca 

Extract Glycosides Phenols Flavonoids Saponins 

Tepal  methanol       ++      ++       +     + 

Tepal Ethanol       ++      ++       +     + 

Tepal Aqueous       +      +       ++     - 

Skin       +      +       ++     - 

Flesh       +       +        +     - 

                                         Note: ++ = present in abundance. + = present. - = Absent 

 

 

Plant secondary metabolites, are essential sources of many food ingredients and plant chemicals (phytochemicals) 

[24]. Plants are known to produce many secondary metabolite compounds like alkaloids, cyanogenic glycosides, 

glucosinolates, flavonoids, saponins, steroids and terpenoids to screen themselves from the attack of naturally 

occurring pathogens, insect pests and environmental stresses. Recent researches showed that many phytochemicals 

can protect humans against various diseases [25]. Many phytochemicals are present in herbs, and each has its 

distinct work. The health benefits attributed to these phytochemicals include; antioxidant, antimicrobial, anti-

inflammatory, cancer preventive, antidiabetic and antihypertensive effects [26,27]. 

 

Previous studies confirm to the current finding. Research by Jini et al. [28], showed that the flower methanol, 

ethanol and aqueous extracts of Musa paradisiaca containing flavonoids and phenolic compounds. Phytochemical 

screening of Musa paradisiaca flower revealed the presence of glycosides, flavonoids and tannins in ethanolic 

extract and flavonoids, saponins, glycosides and tannins in ethanol-water extract (1:1) [29]. Preliminary 

phytochemical screening of dried leaves and fruit peels of Musa paradisiaca revealed the presence of some 

glycosides, anthocyanins, tannins, flavonoids as well as carbohydrates [30,31,32]. These phytochemicals have been 

reported to play multiple biological and pharmacological roles (antibacterial, antihypertensive, antidiabetic and anti-

inflammatory activities) [33].  

 

The obvious roles played by these phytochemicals in both therapeutic and nutritional fields, contribute to the role 

played by this plant, Musa paradisiaca particularly tepal and fruit (skin and flesh) in the field of medicine and 

health sciences. 

 

Effect of Musa paradisiaca on nitric oxide generated by sodium nitroprusside 

The extracts showed mild inhibition against the NO produced by the sodium nitroprusside. Maximum inhibition of 

41.05% was recorded in the tepal aqueous extract, and minimum inhibition of 22.34% has been registered in the 

flesh extract; all others showed mild inhibition as well (Table 2). 

 

Table 2.  Percentage of NO inhibition by tepal, skin and flesh extracts with  

the inhibitory concentration 

Sample Maximum inhibition 

(%) 

Concentration 

(μg/mL) 

Tepal methanol 32.36 1000 

Tepal ethanol 40.58 250 

Tepal aqueous 41.05 1000 

Skin 35.94 1000 

Flesh 22.34 500 

Ascorbic acid 84.43 1000 
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Nitric oxide is an important chemical mediator produced by endothelial cells, macrophages, neurons, to mention a 

few and is involved in the regulation of many different physiological processes [34]. An excess amount of NO is 

associated with several diseases [35], such as its implication in inflammation, cancer and other pathological 

conditions. It is produced in biological tissues by specific nitric oxide synthases (NOSs), which metabolize arginine 

to citrulline in which process it is formed via a five electron oxidative reaction [36]. Incubation of solutions of 

sodium nitroprusside in PBS at 25 
°
C resulted in the linear time dependent nitrite production, which is reduced by 

the tested extracts. Powdered drug of plant parts of Drymariadiandra Blume were separately extracted with 

methanol-water in ratio 4:1. The extracts from this plant of both  hill and plain areas executed very less scavenging 

power against NO [37]. 

 

Effect of Musa paradisiaca – tepal, skin and flesh on LPS induced NO (anti-inflammatory activity) and RAW 

264.7 cell viability 

The Griess reaction, a spectrophotometric determination of nitrite level, was carried out to measure the nitrite levels 

in the conditioned medium of RAW 264.7 cells treated with LPS. Sodium nitrite (NaNO2) was used as a standard 

compound for the standard curve (Figure 1). The NO concentrations were obtained using the standard curve 

equation: y = 0.005x + 0.0589, where y is absorbance at 540 nm and x is the NO concentration in µM. The 

inhibitory activity of the extracts towards NO generated by LPS-activated macrophage was obtained from the 

calculated value of x.  

 

 

 
 

Figure 1.  NaNO2 standard curve, use to obtain NO concentration. 

 

 

The results from this findings showed that flesh extract has the highest NO inhibitory activity, with the maximum 

inhibition of 52.21% at 250 µg/mL, followed by tepal aqueous extract with maximum inhibition of 48.16% at 62.5 

μg/mL. The least inhibition was noted in the tepal methanol extract that has the highest inhibition of 19.63% at 62.5 

μg/mL (Table 3). The inhibition of NO, generated by the LPS induced macrophage, by the extracts is similar to that 

of NO generated by sodium nitroprusside, as discussed in the NO radical scavenging assay. This proves that Musa 

paradisiaca has NO inhibitory activity, which signifies its anti-inflammatory activity. 

 

Table 4 and Figure 2 showed that the number of viable activated macrophages was not altered by the extracts as 

determined by MTT assay. This  indicates that, the inhibition of NO synthesis by the extracts was not due to 

cytotoxic effects. 

 

The higher NO inhibition by the fruit correspond to the epidemiological data that suggest that lower incidences of 

certain chronic diseases such as atherosclerosis, arthritis, diabetes, acquired immune deficiency syndrome (AIDS)  
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are associated with frequent intake of fruits and vegetables [38,39,40]. Flavonoids constituent may also contribute to 

this activity as many studies prove that consumption of flavonoid-rich foods exhibited regression of inflammatory 

diseases [41].  

 

 

Table 3.  Maximum NO (generated by LPS) inhibitory concentration of Musa paradisiaca tepal, skin and flesh 

extracts and their concentrations. 

Sample 
Maximum NO inhibition 

(%) 

Concentration 

(μg/mL) 

Tepal methanol 19.63 62.5 

Tepal ethanol 46.08 125 

Tepal aqueous 48.16 62.5 

Skin 30.6 250 

Flesh 52.21 250 

Standard 52 250 

 

 

Table 4.  Maximum and minimum percent cell viability of Musa paradisiaca tepal, skin and flesh  

and their various concentrations 

Cell viability (%) 

Sample Maximum 

Concentration 

(μg/mL) Minimum 

Concentration 

(μg/mL) 

Tepal methanol 102.4 62.5 15 250 

Tepal ethanol 119.84 62.5 75 250 

Tepal aqueous 83.43 15.625 36 250 

Skin 87.14 15.625 43 250 

Flesh 100.36 62.5 68 250 

Standard 90.97 62.5 80.96 250 

 

 

 

 
 

Figure 2.  Percent cell viability of the tepal, skin and flesh extracts as determined by MTT 
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Inflammation is the normal physiological and immune response to tissue injury. More blood supply, enhanced 

vascular permeability and migration of immune cells occur at the damaged sites. The inflammatory process is a 

protective reaction that takes place in response to trauma, infection, tissue injury or noxious stimuli [42,43,44]. In 

this process, activated inflammatory cells (neutrophils, eosinophil, mononuclear phagocytes and macrophages) 

released abnormal levels of NO, prostaglandin E2 (PGE2) and cytokines, such as interleukin (IL)-1ß, IL-6, and 

tumour necrosis factor (TNF).These substances not only cause cell and tissue damage but also activate macrophages 

in diseases like rheumatoid arthritis and chronic hepatitis [45 – 48].  

 

NO is the main product, which formationis regulated by the NOSs. The NOSs include iNOS (inducible nitric oxide 

synthases), eNOS (endothelial nitric oxide synthases) and nNOS (neuronal nitric oxide synthases). Most 

significantly, iNOS is highly expressed in macrophages and its activation leads to organ destruction in some 

inflammatory and autoimmune diseases [49,50]. During inflammation, macrophages play a fundamentalrole in 

controlling many different immunopathological phenomena, including the overproduction of pro-inflammatory 

cytokines and inflammatory mediators such as IL-1ß, IL- 6, NO, iNOS, COX-2 and TNF. Indeed, many of 

inflammatory stimuli, such as LPS and proinflammatory cytokines, activate immune cells to up-regulate such 

inflammatory states, and these are therefore useful targets in the development of new anti-inflammatory drugs and 

investigation of the anti-inflammatory molecular mechanisms of a potential drug [51,52]. LPS stimulation alone has 

been demonstrated to induce iNOS transcription and its protein synthesis, in murine macrophage RAW 264.7 cells, 

with a corresponding rise in NO production. Moreover, LPS stimulation has also been shown to induce IκB 

proteolysis and NF-κB nuclear translocation [53,54]. Hence, this cell system is a splendid model for drug screening 

and the subsequent evaluation of potential inhibitors against iNOS and NO production. 

 

Varieties of phytoconstituents are responsible for anti-inflammatory activity in plants, including phenolics, 

alkaloids, and terpenoids [55] and phenols are among the phytochemical presents in the extracts. Plants are blessed 

with many different phytochemical such as, vitamins, phenolics, terpenoids, lignins, tannins, flavonoids, quinones, 

coumarins, alkaloids, amines, betalains, and other metabolites, which are rich in antioxidant activity [56,57]. 

Several researches have shown that many of these antioxidant compounds possess anti-inflammatory, anti-

atherosclerotic, anti-tumor, anti-mutagenic, anti-carcinogenic, anti-bacterial, and anti-viral activities [58,59].  

Saponins present in the tepal ethanol extract may as well, contribute to its anti-inflammatory activity, as soybean 

saponins were reported to downregulate the expression of PGE2 and NO metabolism at mRNA and protein levels, 

showing these saponins as chemicals that possess  chemopreventive activity through the downregulation of COX-2 

or iNOS [60]. Another report also showed that saponins from quinoa possess potent anti-inflammatory activities 

[61]. 

 

Many compounds from medicinal plants origin have been demonstrated as inhibitors of the expression of iNOS in 

LPS-activated macrophages. Their structures can be categorized as sesquiterpene [62,63], polyacetylenes [64] and 

lignans [65]. Thus, plants demonstrating inhibitory activity against NO production will be promising candidates for 

the isolation of active components exhibiting iNOS inhibitory activity, which may have therapeutic potential for the 

treatment of inflammation accompanying overproduction of NO. 

 

These results indicate that flesh, tepal ethanol and aqueous extracts may suppress NO generation by inhibiting the 

NOS enzyme activity similar to the NOS inhibitor L-N
6
-(1-imino ethyl) lysine hydrochloride (the standard). It is 

recommended that the extracts, which inhibits NO production through inhibiting iNOS enzyme activity, has 

beneficial therapeutic effects in the management of inflammatory diseases. These results showed that the tepal 

ethanol, aqueous and flesh extracts, did not alter the cell viability even at 250 μg/mL. Therefore, inhibition of LPS-

induced NO production by these extracts was not due to its cytotoxicity on the cells. 

 

Conclusion 

Musa paradisiaca (banana) is a plant that has been used since ancient times both as nutrient and in the treatment of 

many diseases. The plant is a good candidate for evaluating the nitric oxide scavenging as well as anti-inflammatory 

potentials due to its proven positive pharmacological activities by many researchers. Both tepal and fruit extracts 
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demonstrated good nitric oxide scavenging as well as anti-inflammatory activities. Hence, these plant parts need 

more scientific attention in order to actualize its potentialities in the fields of medicine and health sciences. 
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