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ABSTRACT 

Banana belongs to the family of Musaceae. Ethanolic Extract of unripe 

Musa sapientum(EEMS) was subjected to FTIR(Fourier transform 

infrared spectrophotometer) analysis and anti-inflammatory activity. 

The anti-inflammatory activity of EEMS was evaluated using 

Carrageenan-induced rat paw oedema,Formalin induced rat paw 

oedema and Cotton pellet granuloma test at doses of 100,200,400 and 

600mg/kg bw. Carrageenan is widely used to induce acute 

inflammation and it is a suitable test for determining anti-inflammatory 

action of drugs and have been used to assess the anti-oedematous 

effect of natural products. Formalin causes peripheral tissue 

inflammation. The cotton pellet model is an indication for the 

proliferative phase of inflammation.In the present study,EEMS showed  

the presence of  various functional groups present and significant dose dependent  anti-

inflammatory effect in both Formalin-induced rat paw oedema and Cotton pellet granuloma 

model. 

 

KEYWORDS: Carrageenan,Formalin,oedema,cotton-pellet,granuloma,anti-inflammatory. 

 

INTRODUCTION 

Inflammation is a pathophysiological response of living tissue to injuries that leads to the 

local accumulation of plasmatic fluid and blood cells. Although it is a defense mechanism, 

the complex events and mediators involved in the inflammatory reaction can be induced, 
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maintain or aggravate many diseases(Sosa et al., 2002). Inflammation can be classified as 

either acute or chronic. Anti-inflammatory drugs refer to the substances that reduce 

inflammation and pain (Bao et al., 2006). 

 

Superficial injury to the gastric mucosa triggers an acute inflammatory response, 

characterized by increase in blood flow, as well as by plasma exudation and recruitment into 

the mucosa of leukocytes. The objective of this response is to minimize tissue injury, 

facilitate repair of damaged tissue, and prevent entry into the systemic circulation of foreign 

substances, including microbes and microbial products. This inflammatory response is 

coordinated via the release of an array of soluble mediators, from cells such as mucosal mast 

cells that act as “sentinels” within the mucosa (Martin and Wallace, 2006). 

 

Acute inflammatory response reduces mucosal injury, but there are circumstances in which 

this response can be deregulated and can contribute to mucosal injury. Ulcer develops as a 

sore on the inside lining of the stomach (a gastric ulcer) or the small intestine (a duodenal 

ulcer) and characterized by inflamed lesions or excavations of the mucosa and tissue that 

protect the gastrointestinal tract. 

 

A peptic ulcer may arise at various locations such as Esophagus /Esophageal ulcer,Stomach/ 

gastric ulcer,Duodenum/ duodenal ulcer,Meckel’s Diverticulum/ Meckel’s Diverticulum 

ulcer.The general symptoms of peptic ulcers are known collectively as dyspepsia and they 

encompass a variety of problems in the upper abdomen, including pain, discomfort, bloating, 

fullness, nausea, heart burn, regurgitation and belching. Dyspepsia may be persistent or 

recurrent. Water brash, vomiting, loss of appetite and weight loss are the symptoms of peptic 

ulcer. The most common symptom of a peptic ulcer is a burning or gnawing pain in the center 

of the abdomen (Vyawahare et al.,2009). 

 

Mucosal defense permits the mucosa to remain intact despite its frequent exposure to 

substances with a wide range of temperature, pH, and osmolarity, as well as to substances 

with detergent or cytotoxic actions, and bacterial products capable of causing local and 

systemic inflammatory reactions (Wallace and Granger, 1996).Various components of 

mucosal defense can be modulated by a number of endogenous substances, including 

prostaglandins. Mucosal defense is impaired under certain circumstances, such as after 

administration of NSAIDs, thereby rendering the mucosa more susceptible to injury. 
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Hydrochloric acid (HCl) is produced and secreted by the parietal cells located in the gastric 

glands in the corpus of the stomach. When stimulated, the parietal cells can secrete acid at a 

concentration of 155 mM (pH 0.8) (Niv and Fraser, 2002). Chief cells in the glands secrete 

digestive enzymes into the gastric lumen for degrading ingested proteins. An effective barrier 

against the luminal contents will prevent the mucosa from digesting itself. 

 

The defense consists of different mechanisms at different levels and under normal 

physiological conditions these mechanisms maintain an effective protective barrier. The first 

line of defense is pre-epithelium with an adherent mucus layer that covers the entire mucosa, 

the second line of defense is a tight epithelium and the third line is the gastric mucosal blood 

flow. 

 

Currently, researchers are in the search for new drugs of plant origin with effective activity to 

fight several diseases that today present a limited treatment, including gastrointestinal 

ailments. In the case of gastric ulcers, several plant extracts described in the specific cultural 

context are being investigated in search for sources of effective biomolecules in reducing the 

damage to gastric mucosa.  

 

Nearly 240 medicinal plants and 21 plants based compounds were identified as anti-ulcer 

worldwide so far (Duke, 2009).  To save the natural population of medicinal plant, harvesting 

and usage of renewable parts like leaf, fruit is to be adapted. Plant extracts are some of the 

most attractive sources of new drugs and have been shown to produce promising results for 

the treatment of gastric ulcer. 

 

Musa sapientum is used for the treatment of many disorders in traditional system of 

medicine. Its leaves can be used in the treatment of cough and bronchitis. Roots are used to 

arrest hemoptysis, as anthelmintic (Khare, 2007). The fruit of Musa sapientum is traditionally 

used in diarrhoea (unripe), dysentery, intestinal lesions in ulcerative colitis, diabetes (unripe), 

uremia, nephritis, gout, hypertension, cardiac disease (Khare, 2007).  It contains antioxidizer 

and counteracts the noxious effects of the free radicals. It is used as antidote for snake bite, 

asthma, burns, diabetes, fever, gangrene, gout, head ache, hemorrhage, inflammation, 

insomnia, intestinal parasites, sores, syphilis, tuberculosis, ulcers and warts. It is also used in 

diarrhoea, stomachaches, lack of appetite, maintaining bones healthy, gastric ulcer, 

strengthening the immune system, reducing the risk of hypertension. Flowers are used in 

dysentery and menorrhagia (Ghani, 2003). Stem juice of fruited plant is used for treating 
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diarrhoea, dysentery, cholera, otalgia, hemoptysis and. blood disorders, venereal diseases 

(Ghani, 2003). The plant is also used in inflammation, pain and snakebite (Coe and 

Anderson, 1999). 

 

MATERIALS AND METHODS 

Unripe fruits of Musa sapientum were collected from Musiri district, Tamilnadu, India. The 

Skin from each fruit was peeled off and pulp was cut into thin slices, shade dried. The dried 

slices were milled to get the powder. The powder was extracted with  solvent like  ethanol, 

nearly 85% of the solvent was recovered by distillation over the boiling water bath at 

atmospheric pressure and the remaining under reduced pressure in rotavapour. The sample 

(Musa sapientum) was characterized using a Fourier transform infrared spectrophotometer 

(FTIR) by ( Nyquist and Kagel (1997).Drugs such as indomethacin and esomeprazole used in 

the experiment were procured from Micro Labs Ltd. and Glenmark Pvt.Ltd.respectively and 

other chemicals used were of analytical grade.Carrageenan-induced rat paw oedema was 

evaluated by Suleyman et al., 1999 and Formaldehyde-induced paw oedema by Dharmasiri et 

al., 2003 and cotton pellet granuloma test as suggested by Haiping Li et al., 2008. 

 

RESULTS AND DISCUSSION 

Fourier transform infra red spectroscopy (FTIR) involves the study of the interaction of 

electromagnetic radiation with matter. Due to this interaction, electromagnetic radiation 

characteristic of the interacting system may be absorbed (or emitted). The experimental data 

consist of the nature (frequency of wave length) and the amount (intensity) of the 

characteristic radiation absorbed or emitted. These data are correlated with the molecular and 

electronic structure of the substance and with intra- and inter molecular interactions.  

 

FT-IR spectral analysis showed the wave number 3401.02cm
-1

which is H2 bonded OH stretch 

show the presence of Phenols and Alcohols,2925.79 cm
-1

 which is hydrogen bonded OH 

stretch show the presence of Carboxylic acid  ,2853.84 cm
-1

 which is H2- bonded OH stretch 

show the presence of carboxylic acid,1734.20cm
-1

 which is C=O stretch show the presence of 

ketones, 1457.01 cm
-1

which is N-H bend show the presence of secondary amines, 1058.99 

cm
-1

 which is C-O stretch show the presence of esters and ethers ,593.10 cm
-1

 which is C-H 

bend show the presence of alkynes as in Figure I. 
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x axis - Wave length (4000-400)cm
-1

 

y axis - Intensity (abundance) of the signal 

Figure I  FTIR spectrum of ethanolic extract of  (unripe fruit) Musa sapientum 

    

Table 1–Functional compounds in FTIR spectrum of ethanolic extract of 

(unripefruit) Musa sapientum 

 

Table 2 shows the ethanolic extract of Musa sapientum produced inhibition of carrageenan-

induced paw edema.. The inhibition of paw edema for standard drug treated rats (Group II - 

treated with indomethacin) at fourth hour after the induction of inflammation with 

carrageenan was 15 % when compared to negative control (Group I - treated with 0.9% 

saline) while the other group had inhibition of paw edema by 5.22%, 13.63%, 12.5% and 

10.22% respectively for various concentrations of Musa sapientum (100, 200,400, 600 mg/kg 

b.w). The 200 mg/kg b.w of Musa sapientum exhibited most significant anti-inflammatory 

effect in Carrageenan induced paw oedema when compared with other concentrations.  

 

S.NO wave length (cm 
-1

) Vibration Type Functional compound 

1 3401.02 
Hydrogen-bonded O-H 

Stretch 
Phenols & Alcohols 

2 2925.79 
Hydrogen-bonded O-H 

Stretch 
Carboxylic acids 

3 2853.84 
Hydrogen-bonded O-H 

Stretch 
Carboxylic acids 

5 1734.20 C=O Stretch Ketones 

6 1457.01 N- H Bend Amines - Secondary 

7 1058.99 C-O Stretch Esters and Ethers 

8 593.10 C-H Bend Alkynes 
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Table 2 - Inhibition of inflammation by the ethanolic extract of (unripfruit) Musa 

sapientum  on Carrageenan induced left hind rat paw oedema. 

 

Data expressed as mean ± SE(n=6). Statistical analysis by One-way ANOVA followed by 

Dunnet's Multiple Comparison P*<0.05, P** <0.01 compared to Group I (Negative 

Control).Group I – Negative control; Group II- indomethacin treated  control; Group III-

Musa sapientum 100 mg/kg bw; Group IV- Musa sapientum 200 mg/kg bw; Group V- Musa 

sapientum 400 mg/kg bw; Group VI- Musa sapientum 600 mg/kg bw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure II Anti-inflammatory effect of Musa sapientum on carrageenan induced groups 

 

 

Treatment 

 

Dosage 

mg/kg 

Reaction   time in mm  for 4 hours 

0 hour 1 hour 2 hour 3 hour 4 hour 

Group-I - 3.52±0.05 4.57±0.17
 

5.57±0.17 4.9±0.07 4.4±0.02 

Group-II 10 3.60±0.08
*
 3.8±0.08

* 
4.1±0.08

* 
3.9±0.08

*
 3.72±0.12

*
 

Group-III 100 3.67±0.12
*
 4.05±0.12

*
 4.7±0.14

*
 4.4±0.08

*
 4.17±0.05

*
 

Group-IV 200 3.70±0.18
*
 4.05±0.05

*
 4.5±0.08

*
 3.95±0.12

*
 3.8±0.08

*
 

Group- V 400 3.85±0.1
*
 4.05±0.12

*
 4.2±0.08

*
 4.12±0.09

*
 3.85±0.12

*
 

Group - VI 600 3.95±0.12
*
 4.05±0.012

*
 4.1±0.08

*
 4.0±0.08

*
 3.95±0.19

*
 

Group I Group  II 

  
Group  III Group  IV 

  
Group  V Group  VI 
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Table 3 shows the ethanolic extract of Musa sapientum produced inhibition of formalin 

induced paw edema both in acute and chronic inflammation. On third day the inflammatory 

inhibition for ethanolic extract of Musa sapientum at the dosage of 100,200,400,600 mg/kg 

b.w was 6.75%, 12%,   18.9%, 27.36% respectively. At the end of the experiment, on seventh 

day the inhibition at the dosage of 100,200.400,600 mg/kg b.w was 9%, 18.18%, 27.27% and 

29.09% respectively while standard drug indomethacin treated rats exhibited 23.63% of 

inhibition. 600 mg/kg b.w of Musa sapientum exhibited most significant anti-inflammatory 

effect in formalin induced paw edema both in acute and chronic inflammation. 

 

Table 3 - Inhibition of inflammation by the ethanolic extract of (unripefruit) Musa 

sapientum on Formalin induced groups 

 

Group I – Negative control; Group II- indomethacin treated  control; Group III-Musa 

sapientum 100 mg/kg bw; Group IV- Musa sapientum 200 mg/kg bw; Group V- Musa 

sapientum 400 mg/kg bw; Group VI- Musa sapientum 600 mg/kg bw   

 

Data expressed as mean ± SE(n=6). Statistical analysis by One-way ANOVA followed by 

Dunnet's Multiple Comparison P*<0.05, P** <0.01 compared to Group I (Negative 

Control). 

Treatment 
Dosage 

mg/Kg 

Reaction   time in mm for 7 Days 

1 2 3 4 5 6 7 

Group-I - 4.74±0.029 5.67±0.22 5.92±0.01 5.8±0.18 5.7±0.08 5.6±0.16 5.5±0.17 

Group-II 10 4.16±0.02
*
 4.4±0.21

*
 4.6±0.35

*
 4.5±0.08

*
 4.4±0.14

*
 4.3±0.25

*
 4.2± 0.08

*
 

Group-III 100 4.45±0.02
*
 5±0.21

*
 5.52±0.29

*
 5.4±0.08

*
 5.3±0.14

*
 5.2±0.21

*
 5 ±0.16

*
 

Group-IV 200 4.27±0.01
*
 4.5±0.18

*
 5.2±0.08

*
 5 ±0.08

*
 4.85±0.05

*
 4.75±0.12

*
 4.5±0.14

*
 

Group- V 400 3.95±0.02
*
 4.5±0.08

*
 4.8±0.08

*
 4.5±0.18

*
 4.2±0.21

*
 4.1±0.14

*
 4±0.16

*
 

Group - VI 600 3.85±0.03
*
 4.1±0.08

*
 4.3±0.08

*
 4.2±0.18

*
 4.1±0.21

*
 4±0.18

*
 3.9±0.16

*
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Figure III  Anti- inflammatory effect of ethanolic extract of (unripe fruit) Musa 

sapientum on Formalin induced groups 

 

Table 4 - Inhibition of inflammation by the ethanolic extract of (unripefruit) Musa 

sapientum   on Cotton pellet granuloma in rats 

 

 

 

 

 

 

 

Group I – Negative control; Group II- indomethacin treated  control; Group III-Musa 

sapientum 100 mg/kg bw; Group IV- Musa sapientum 200 mg/kg bw; Group V- Musa 

sapientum 400 mg/kg bw; Group VI-  Musa sapientum 600 mg/kg bw. 

Group I Group  II 

  
Group  III Group  IV 

  
Group  V Group  VI 

  

Control Dose mg/Kg 
Granuloma Tissue 

Weight (mg) 

Inhibition  

% 

Group 1 - 21.5 ± 1.3 - 

Group 2 10 15.25 ± 0.95
*
 29 

Group 3 100 21 ± 0.8
*
 2.3 

Group 4 200 18 ± 1.4
*
 16.2 

Group 5 400 16.75 ± 0.95
*
 22 

Group 6 600 15.5 ± 1.29
*
 27.9 
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Data expressed as mean ± SE(n=6). Statistical analysis by One-way ANOVA followed by 

Dunnet's Multiple Comparison P*<0.05, P** <0.01 compared to Group I (Negative 

Control). 

 

 

 

    

 

 

 

 

 

Fig IV Anti-inflammatory effect of ethanolic extract of Musa sapientum on cotton pellet 

granuloma in rats 

 

The anti-inflammatory effect of Musa sapientum was calculated depending on the wet and 

dry weight of cotton pellets. The different dosage of plant extracts (100,200,400, 600 mg/kg 

b.w) showed inhibition in wet and dry weights of cotton pellet granuloma. Musa sapientum 

exhibited 29%, 2.3% 16.2% and 22% of inhibition in wet and dry weights of granuloma, 

respectively. Inhibition exhibited by 600 mg/kg b.w of Musa sapientum(27.9%) was 

comparable with standard drug indomethacin (29%) (Table4 ). 

 

Natural products are in great demand owing to their extensive biological properties and 

bioactive components which have proved to be useful against large number of diseases. It is 

proved that ethanolic  extracts of Musa sapientum showed wide array of activities like 

antibacterial, antioxidative and antihaemolytic. 

 

Saponins possess immunomodulatory, anti-inflammatory and vasoprotective effects which 

could have aided the observed anti-ulcer activity of Musa sapientum (Borrelli and Izzo, 2000) 

Alkaloids have equally been reported to achieve dose dependent prevention of ulcer 

formation, decreased acid secretion, total inhibition of gastric and duodenal ulcers and even 

healed chronic acetic acid-induced ulcers.Glycosides have been reported antidiarrhoeal effect 

may be due to the action of inhibits the release of autacoids and prostaglandins(Tiwari  et al., 

2011). Steroidal compounds are of importance and interest in pharmacy due to their 

relationship with such compounds as sex hormones, they also promote immune functions in 

the skin and also reduce inflammation (Bolanle et al., 2014, Ajayi et al., 2011, Edeogal et al., 
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2005) .In the present study the effect of the extract on prostaglandin biosynthesis was not 

evaluated. 

 

It may also be proposed that the decrease in ulcer severity by Aloe vera may be attributed to 

its active ingredients with gastric protective nature .The phytochemical analysis revealed the 

presence of tannins,saponins and flavonoids. (Rajasekaran et al., 2005a).These substances 

known to affect the integrity of mucous membrane (Oliver ,1960). Tannins are known to 

protect the outermost layer of mucosa and to render it less permeable and more resistant to 

chemicals and mechanical injury or irritation and thus prevent ulcer development. Natural 

products are in great demand owing to their extensive biological properties and bioactive 

components which have proved to be useful against large number of diseases. It is proved 

that ethanolic  extracts of Musa sapientum showed wide array of activities like antibacterial, 

antioxidative and antihaemolytic. 

 

It is well documented that flavonoids are the polyphenolic compounds which showed 

potential beneficial effects on human health and posses antiviral, ant-inflammatory, 

antitumour, antihaemolytic and antioxidative activity (Buhler and Miranda, 2000). Nature of 

flavonoids, polyphenols and catechols can be explained by oxidative antioxidative 

mechanism of various toxicants and antioxidants interaction. . Anti H. pylori effect of fruits 

of cashew also investigated (Kubo  et al.,1999). Phytochemical investigation shows the 

presence of various flavonoids, mainly quercetin glycosides and saponins in ethanol extract. 

Flavonoid are free radical scavengers, plays important role in gastric ulcer also an increase 

mucosal prostaglandin content and decrease in histamine secretion from mast cells by the 

inhibition of histidine decarboxylase(Borrelli and Izzo, 2000) . Quercetin was also found to 

prevent gastric mucosal lesions (Martin  et al., 1993). Various saponins also found to possess 

antiulcer activity (Hounget al., 1998, Matsuda  et al., 1998) .  

 

CONCLUSION 

FTIR analysis revealed that presence of functional compounds has promising anti-

inflammatory activity. The ethanolic extract of unripe Musa sapientum studies were carried 

out on three different methods of anti-inflammation. The carageenan induced rat paw oedema 

shows that 200mg/kg b.w of extract exhibited most significant anti-inflammatory effect.Other 

studies  such as formaldehyde induced rat paw oedema and cotton pellet granuloma methods 

revealed that increasing concentration of ethanolic extract of unripe Musa sapientum 

decreasing the effect of inflammation.600mg/kg b.w gave the maximum inhibition of 
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inflammation when compared to standard drug. Thus,EEMS could be a better choice in the 

treatment of inflammation with concurrent peptic ulcer. 
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