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ABSTRACT 
 
The ethanol leaf extracts of four medicinal plants named Hibiscus mutabilis, Leucas aspera, Ixora coccinea 
and Polyalthia longifolia were examined for their possible regulatory effect on nitric oxide (NO) levels using 
sodium nitroprusside as a NO donor in vitro. Most of the extracts tested demonstrated direct scavenging of 
NO and exhibited significant activity and the potency of scavenging activity was in the following order: Leucas 
aspera > Ixora coccinea > Hibiscus mutabilis> Polyalthia longifolia. All the evaluated extracts exhibited a 
dose-dependent NO scavenging activity. The ethanolic leaf extract of Leucas aspera showed the greatest NO 
scavenging effect of 80.50% at 320 µg/ml with IC50 value of 94.15 µg/ml as compared to the positive control 
ascorbic acid where 74.56 % scavenging was observed at similar concentration with IC50 value of 62.48 
µg/mL. The maximum NO scavenging of Ixora coccinea, Hibiscus mutabilis and Polyalthia longifolia were 
79.65 %, 78.60% and 70.67 % with IC50 values of 43.72 µg/ml, 147.64 µg/ml and 167.08 µg/ml respectively. 
The present results suggest that these plants might be potent and novel therapeutic agents for scavenging of 
NO and the regulation of pathological conditions caused by excessive generation of NO and its oxidation 
product. 
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INTRODUCTION 

Nitric oxide (NO) is an important chemical mediator generated by endothelial cells, macrophages, 
neurons and involved in the regulation of various physiological processes. Excess concentration of 
nitric oxide is implicated in the cytotoxic effects observed in various disorders like AIDS, cancer, 
alzheimer’s, and arthritis (Sainani et al., 1997). Overproduction of NO can mediate toxic effects, 
e.g. DNA fragmentation, cell damage and neuronal cell death. (Dawson et al., 1992). NO does not 
interact with the bioorganic macromolecules such as the DNA or proteins directly. However, in the 
aerobic conditions, the NO molecule is very unstable and reacts with the oxygen to produce, 
intermediates such as NO2, N2O4, N3O4 the stable products nitrate and nitrite (Marcocci et al., 
1994a,b) and peroxynitrite when reacted with superoxide (Wink et al., 1991). These products 
progenitors are highly genotoxic, the deamination of guanine, cytosine and adenine is mediated 
primarily by the N2O3. In addition to the formation of nitrosoamines and deamination of the DNA 
bases, recent studies indicate that the NO may also act by affecting the enzymatic activities of 
several thiol rich DNA repair proteins like DNA alkyl transferase, formamopyrimidine-DNA 
glycosalase and the DNA ligase that play a critical role in the maintenance of the genetic integrity 
(Wink et al., 1991). There is now increasing evidence to suggest that NO and its derivatives 
produced by the activated phagocytes may have a genotoxic effect and may contribute in the 
multistage carcinogenesis process (Wink et al., 1991). The production of these reactive species in 
healthy organism is approximately balanced by antioxidant defense systems. Antioxidant agents of 
natural origin have attracted special interest because they can protect human body from free 
radicals (Osawa et al., 1990; Houghton et al., 1995).  Hibiscus mutabilis (Malvaceae) is a large 
bushy shrub or small tree, about 8 ft in height. The Plant material is used in traditional medicines 
for their emollient in pectoral and pulmonary complaints. It is prescribed as a stimulant and leaves 
are applied to the swellings (Anonymous, 1959 and Kirtikar et al., 1990). 

 
A flavonone glycoside 

naringenin, eriodictyol, ilicyanin and chrysanthemin have been isolated from the plant ( Ishikura, 
Nariyaki. 1973, Chauhan  et al., 1979). Leucas aspera (Labiatae) (darkolos or dandokolos in 
Bangladesh) is a common aromatic herb and grows abundantly in Bangladesh and also in the 
wide area of South Asia. Traditionally, the decoction of the whole plant is taken orally for 
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analgesic-antipyretic, antirheumatic, antiinflammatory, and antibacterial treatment, etc., and its 
paste is applied topically to inflamed areas. (Ghani, 1998).  Some reports have been published on 
the chemical constituents such as sterols, fatty acids, lactones, long-chain compounds, aliphatic 
ketols, and phenols (Chaudhury and Ghosh 1969, Pradhan et al., 1990, Misra et al., 1992, 1993 
and1995). Ixora coccinea L.(Bengali name: Rangan) belongs to the family Rubiacae, is a common 
flowering shrub native to Asia including Bangladesh, Southern India, and Sri Lanka (Ghani, 2003). 
Leaves are given in diarrhea (Ghani, 2003). Flowers are used in the treatment of dysentery, 
leucorrhoea, dysmenorrhoea, hemoptysis and catarrhal bronchitis (Ghani, 2003). Roots possess 
stomachic and sedative properties. I. coccinea flowers showed chemoprotective effects on 
cyclophosphamide-induced toxicity by increasing the life span of treated mice (Latha and Panikkar, 
1999). Ether and methanol extracts of I. coccinea dry leaves have antimicrobial activity 
(Annapurna et al., 2003). Flowers have cytotoxic and antitumor activity in mice (Latha and 
Panikkar, 1998). Aqueous leaf extract of I. coccinea leaves showed antinociceptive activity in mice 
(Ratnasooriya et al., 2005a, b). The extract of I. coccinea flowers contains triterpenoid, ursolic acid 
(Latha and Panikkar, 1999). Polyalthia longifolia is a tall, handsome, evergreen tree with a straight 
trunk and horizontal branches (Krishnamurthi A, 1969). It belongs to the family Annonaceae (Chen 
et al., 2000) which compromises 120 genera and more than 2000 species. It is locally known as 
Debdaru. The ethnopharmacological claims for Polyalthia longifolia include the use of its bark as a 
febrifuge. It depressed the heart, lowered blood pressure and stimulated respiration (Faizi et al., 
2003). The fungicidal effect of P. longifolia has also been reported by many workers (Shivpuri 
1997, Nair and Chanda, 2006).  

Literature review reveals that scanty or no NO scavenging activity studies have been reported on 
those medicinal plants. Here we presented the evaluation of in vitro nitric oxide scavenging activity 
of ethanol leaf extract of Hibiscus mutabilis, Leucas aspera, Ixora coccinea and Polyalthia 
longifolia carried out at Department of Pharmacy, Stamford University Bangladesh.  

MATERIALS AND METHODS 

Chemicals 

All the chemicals used in the experiment were analytical grade. Ascorbic acid was obtained from 
SD Fine chem. Ltd, Biosar, India. Naphthyl ethylene diamine dihydrochloride was obtained from 
Roch-light ltd, Suffolk, England. Sodium nitro prusside was obtained from Ranbaxy lab, Mohali, 
India.  

Collection and Identification of Plant material 

Leaves of Hibiscus mutabilis, Leucas aspera, Ixora coccinea and Polyalthia longifolia were 
collected from Dhaka, Bangladesh in May, 2008, and identified by the experts of National 
Herbarium, Bangladesh).  Voucher specimens for these collections have been retained in the 
National Herbarium, Bangladesh and accession no. for the identified plants Hibiscus mutabilis, 
Leucas aspera, Ixora coccinea and Polyalthia longifolia are 32540, 32536, 32549 and 32548, 
respectively. 

Extraction 

About 100 gm of powered material of each plant was taken in a clean, flat-bottomed glass 
container and soaked in 500 ml of 80% ethanol. The container with its contents was sealed and 
kept for a period of 7 days accompanying occasional shaking and stirring. The whole mixture then 
underwent a coarse filtration by a piece of clean, white cotton material. Then it was filtered through 
Whatman filter paper (Bibby RE 200, Sterilin Ltd., UK). The filtrate (ethanolic extract) obtained for 
each plant was evaporated under ceiling fan and in a water- bath until dried. All of the extracts 
rendered concentrate of greenish black color.  

Phytochemical screening  

The freshly prepared methanolic extracts of the selected plants were qualitatively tested for the 
presence of chemical constituents. Phytochemical screening of the extract was performed using 
the following reagents and chemicals: Alkaloids with Dragendorff’s and Mayer’s reagent, 
flavonoids with the use of Mg and HCl; tannins with ferric chloride and potassium dichromate 
solutions, steroids with sulfuric acid and saponins with ability to produce suds. Gum was tested 
using Molish reagents and concentrated sulfuric acid. These were identified by characteristic color 
changes using standard procedures (Trease et al., 1983). 
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Assay of Nitric oxide scavenging activity 

Nitric oxide radical inhibition can be estimated by the use of Griess Illosvoy reaction (Garrat, 
1964). The procedure is based on the method, where sodium nitroprusside in aqueous solution at 
physiological pH spontaneously generates nitric oxide, which interacts with oxygen to produce 
nitrite ions that can be estimated using Greiss reagent.  Scavengers of nitric oxide compete with 
oxygen leading to reduced production of nitrite ions. For the experiment, sodium nitroprusside 
(10mM) in phosphate buffered saline was mixed with different concentrations (10-320 µg/mL ) of 
ethanol extract of each plant were dissolved in methanol and incubated at 25O C for 150 min. The 
same reaction mixture without the extract but the equivalent amount of ethanol served as the 
control. After the incubation period, 0.5 ml of Griess reagent (1% sulfanilamide, 2% H3PO4 and 
0.1% N-(1-naphthyl) ethylenediamine dihydrochloride) was added. The absorbance of the 
chromophore formed during the diazotization of nitrite with sulphanilamide and subsequent 
coupling with napthylethylenediamme was read at 546 nm (Sreejayan & Rao, 1997).  Inhibition of 
nitrite formation by the plant extracts and the standard antioxidant ascorbic acid were calculated 
relative to the control. Inhibition data (percentage inhibition) were linearized against the 
concentrations of each extract and standard antioxidant. IC50 which is an inhibitory concentration 
of each extract required to reduce 50% of the nitric oxide formation was determined.  

Statistical analysis 

All experiments were performed thrice and the results averaged Data were expressed as mean ± 
SD.  Linear regression analysis was used to calculate IC50 for each plant extract. 

Table 1: Phytochemical screening of the selected plants. 

Phytochemicals Hibiscus mutabilis Leucas aspera Ixora coccinea Polyalthia longifolia 

Alkaloid + + + + 

Flavonoids + + + + 

Tannins + + + + 

Gums + + + + 

Saponins + + + + 

Steroid + - + - 
(+) = Positive, (-)=Negative 

RESULTS AND DISCUSSION 

The results of phytochemical screening are given in Table-1. The results of NO scavenging activity 
of the selected plant extracts are shown as percent of NO scavenging in Table 2. Nitric oxide or 
reactive nitrogen species, formed during their reaction with oxygen or with superoxides, such as 
NO2, N2O4, N3O4, NO3-, and NO2 are very reactive. These compounds are responsible for altering 
the structural and functional behavior of many cellular components. Incubation of solutions of 
sodium nitroprusside in phosphate buffer saline at 25O C for 2 h resulted in linear time-dependent 
nitrite production, which is reduced by the tested ethanolic extracts of Hibiscus mutabilis, Leucas 
aspera, Ixora coccinea and Polyalthia longifolia. This may be due to the antioxidant principles in 
the extract, which compete with oxygen to react with nitric oxide thereby inhibiting the generation 
of nitrite. It is to be noted that Hibiscus mutabilis, Leucas aspera and Ixora coccinea have caused 
a greater inhibition than ascorbic acid which has shown 74.56% inhibition of NO. The IC50 value of 
Ixora coccinea is 43.72 µg/ml which is lesser than that of ascorbic acid (Table- 2).  In preliminary 
phytochemical screening of the selected plant extracts, all the extract showed the presence of 
flavonoids and tannins (Table-1). Phenolic compounds and flavonoids have been reported to be 
associated with antioxidative action in biological systems, acting as scavengers of singlet oxygen 
and free radicals (Rice-Evans et al., 1997; Jorgensen et al., 1999).  The nitric oxide scavenging 
activity of flavonoids and phenolic compounds are known (Kim et al., 1998; Kim et al., 1999; 
Middleton et al., 1996; Crozier et al., 2000; Madson et al., 2000; Jagethia et al., 2004), we can 
speculate that these constituents might be responsible for the observed nitric oxide scavenging 
activity. The adoption of crude extracts of plants, such as infusions, for self medication by the 
general public (Houghton, 1995), has arisen in the possibility that the impact of several diseases 
may be either ameliorated or prevented by improving the dietary intake of natural nutrients with 
antioxidant properties, such as vitamin E, vitamin C, B-carotene and plant phenolics such as 
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tannins and flavonoids (Haslam, 1996). Our findings suggest that all of the four plants have the 
property to counteract the effect of NO formation due to the presence of tannins and flavonoids 
and in turn may be of considerable interest in preventing the ill effects of excessive NO generation 
in vivo.  

Table 2: Scavenging of Nitric oxide by the ethanol leaf extracts of selected plants. 

% of scavenging of NO Concentration 

µg/ml Hibiscus 
mutabilis 

Leucas 
aspera 

Ixora 
coccinea 

Polyalthia 
longifolia 

Ascorbic 
 acid 

10 24.12 ±0.002 30.56 ±0.004 40.56 ±0.004 15.46  ± 0.003 42.43 ±0.002 

20 29.10 ±0.001 38.65 ±0.001 45.69 ± 0.003 24.67 ± 0.002 43.21 ±0.001 

40 35.16 ±0.003 47.50 ± 0.002 52.78 ±0.005 30.56 ± 0.003 48.79 ±0.003 
80 40.45 ±0.001 54.30 ± 0.002 58.99 ±0.007 40.78 ± 0.001 55.56 ±0.001 

160 50.42 ±0.002 57.60 ± 0.001 64.23 ±0.004 55.89 ± 0.002 61.34 ±0.002 

320 78.6 ± 0.002 80.50 ±0.001 79.65 ±0.006 70.67 ± 0.002 74.56 ± 0.002 

IC50 147.64 (0.9877*) 94.15 
(0.9145*) 

43.72  
(0.9268*) 

167.08 (0.9175*) 62.48(0.9587*) 

Here n=3 and values are presented as mean ± standard deviation. *= regression coefficient. 

 

ACKNOWLEDGEMENTS 

We thank Stamford University, Bangladesh and honorable chairman, Department of Pharmacy, 
Stamford  University, Bangladesh for the cooperation  to carry out this study. 

REFERENCES 

Annapurna J, Amarnath PVS, Amar Kumar D, Ramakrishna SV, Raghavan KV. (2003) 
Antimicrobial activity of Ixora coccinea leaves. Fitoterapia  74: 291–93. 

Anonymous. (1959) The wealth of India, A Dictionary of Indian Raw materials and Industrial 
Products. Vol. V,  pp. 91 Council of Scientific and Industrial Research, New Delhi.  

Chauhan S, Jagdish TJ, Gupta V, Awadesh K. (1979) A new flavanone glycoside from the stem of 
Hibiscus mutabilis. Phytochem. 18: 1766-1767.  

Chaudhury NA, Ghosh D. (1969) Insecticidal plants: chemical examination of Leucas aspera. J. 
Indian Chem Soc.: 46, 95. 

Chen CY, Chang FR, Shih YC, Hseih TJ, Chia YC, Tseng HY. (2000) Cytotoxic contsitiuents of 
Polyalthia longifolia var. pendula. J Nat Prod.  63: 1475-1478. 

Crozier A, Burns J, Aziz AA, Stewart AJ, Jenkins GI, Lean MEJ. (2000) Antioxidant flavonoids from 
fruits, vegetables and beverages; measurements and bioavailability. Biol. Res. 33: 79-88. 

Faizi S, Mughal NR, Khan RA, Khan SA, Ahmad A, Bibi N, Ahmed SA (2003) Evaluation of 
antimicrobial property of Polyalthia longifolia var. pendula: Isolation of a lactone as the 
active antibacterial agent from the ethanol extract of stem. Phytother Res. 17: 1177-1181. 

Dawson TM, Dawson VL, Snyder SH.(1992) A novel neuronal messenger molecule in brain: The 
free radical, nitric oxide.  Annu. Neurol. 32: 297-311. 

Ghani A. (1998) Medicinal Plants of Bangladesh, Chemical Constituents and Uses, pp. 215—216 
Asiatic Society of Bangladesh, Dhaka. 

Ghani A (2003) Medicinal plants of Bangladesh with chemical constituents and uses, pp 267  The 
Asiatic Society of Bangladesh, Dhaka. 

Garrat DC. (1964) The Quantitative analysis of Drugs. Chapman and Hall Ltd., Japan, 3: 456-458. 

Houghton P. (1995) The role of plants in traditional medicine and current therapy. J Alter Comple 
Med. 1: 131-143. 

Saha et al., 2008 
 



 61 

Haslam E. (1996) Natural polyphenols (vegetable tannins) as drugs: possible modes of action. J 
Nat Prod. 59: 205-215. 

Ishikura, Nariyaki. (1973) Anthocyanins and flavonols in the flowers of Hibiscus mutabilis f. 
versicolor. Kumamoto J Sci Biol. 11: 51-59.  

Jagetia SC Rosk, Balgia MS, Babu K (2004) Evaluation of nitric oxide scavenging activity of 
certain herbal formulation in vitro. Phyto Res. 18(7): 561-565. 

Jorgensen LV, Madsen HL, Thomsen MK, Dragsted LO, Skibsted LH, (1999) Regulation of 
phenolic antioxidants from phenoxyl radicals: An ESR and electrochemical study of 
antioxidant hierarchy. Free Rad. Res. 30: 207-220. 

Kim HK, Choen BS, Kim YH, Kim SY, Kim HP (1999) Effects of naturally occurring flavonoids on 
nitric oxide production in the macrophage cell line RAW 264.7 and their structure activity 
relationship. Biochem Pharmacol. 58: 759-765. 

Kim OK, Murakami A, Nakamura Y, Oihigashi H (1998) Screening of edible Japanese plants for 
nitric oxide generation inhibitory activities in RAW 264.7 cells. Cancer Letter 125: 199-207. 

Kirtikar KR, Basu BD. (1990) Indian medicinal Plants, Vol. 2, 3
rd 

Ed. pp. 447-449 Sri Satguru 
Publications. 

Krishnamurthi A.(1969) The Wealth of India, vol. VIII. pp. 187-188 Publication and Information 
Directorate, CSIR, New Delhi. 

Latha PG, Panikkar KR (2001) Chemoprotective effect of Ixora coccinea L. flowers on cisplatin 
induced toxicity in mice. Phytother Res. 15: 364-66 

Latha PG, Panikkar KR (1999) Modulatory effects of Ixora coccinea flower on cyclophosphamide-
induced toxicity in mice. Phytother Res. 13: 517-20.  

Latha PG, Panikkar KR (1998) Cytotoxic and antitumor principles from Ixora coccinea flowers. 
Cancer Lett. 130: 197-202.  

Madson HL, Andersen CM, Jorgensen LV, Skibsted LH (2000) Radical scavenging by dietary 
flavonoids. A kinetic study of antioxidant efficiencies. Eur Food Res Tech. 211: 240-246 

Marcocci L, Maguire JJ, Droy-Lefaix MT, Packer L. (1994a) The nitric oxide-scavenging properties 
of Ginkgo biloba extract EGb 761. Biochem. Biophys Res Commun. 15: 748–755. 

Marcocci L, Packer L, Droy-Lefaix MT, Packer L. (1994b) Antioxidant action of Ginkgo biloba 
extract EGB 761. Methods Enzymol. 234: 462–475. 

Misra TN, Singh RS, Pandey HS, Singh S, (1995) A novel phenolic compound from Leucas aspera 
Spreng. Indian J. Chem., Sect.. B: Org. Chem Incl Med Chem.34(B):1108—1110. 

Misra TN, Singh RS, Pandey HS, Singh S. (1992) Long-chain compounds from Leucas aspera.  
Phytochem. 31 (5): 1809—1810. 

Misra TN, Singh RS, Prasad C, Singh S.(1993) Two aliphatic ketols from Leucas aspera. 
Phytochem. 32:199-201. 

Nair R, Chanda S. (2006) Evaluation of Polyalthia longifolia (Sonn.), Thw. leaf extract for antifungal 
activity. J Cell Tissue Res. 581-584. 

Osawa T, Kavakishi S, Namiki M, Kuroda Y, Shankai DM, Waters MD (1990)  Antimutagenesis 
and Antimutagenesis mechanism, 11th Ed. pp.139-153  New York plenum. 

Pradhan BP, Chakraborty DK, Subba GC.(1990) A triterpenoid lactone from Leucas aspera. 
Phytochem. 29: 1693-1695. 

Ragasa CY, Tiu F, Rideout JA. (2004) New cycloartenol esters from Ixora coccinea. Nat Prod 
Res.18: 319-23. 

Ratnasooriya WD, Deraniyagala SA, Bathige SD, Goonasekara CL, Jayakody JR (2005) 
Antinociceptive action of aqueous extract of the leaves of Ixora coccinea. Acta Biol Hung. 
56: 21-34.  

Saha et al., 2008 
 



 62 

Ratnasooriya WD, Deraniyagala SA, Galhena G, Liyanage SSP, Bathige SDNK, Jayakody JRAC 
(2005) Anti-inflammatory activity of the aqueous leaf extract of Ixora coccinea. 
Pharmaceutical Biol. 43: 147 - 152. 

Rice-Evans C, Sampson J, Bramley P M, Holloway D E.(1997) Why do we expect carotenoids to 
be antioxidants in vivo. Free Rad Res. 26: 381–398. 

Sainani GS, Manika JS, Sainani RG. (1997) Oxidative stress- a key factor in pathogenesis of 
chronic diseases, Med Update 1:1. 

Shivpuri A, Sharma OP, Jhamaria SL. (1997) Fungitoxic properties of plant extracts against 
pathogenic fungi. J Mycol Plant Pathol. 27: 29-31. 

Sreejayan N,  Rao MNA. (1997) Nitric oxide scavenging by curcuminoids. J Pharm Pharmacol. 
49:105–107. 

Trease GE, Evans WC. (1989) The textbook of pharmacognosy, 13th edition, pp 512-513.Oxford 
University Press, Oxford. 

Wink DA, Kasprzak KS, Maragos CM. (1991) DNA deaminating ability and genotoxicity of nitric 
oxide and its progenitors. Science 254: 1001–1003. 

 
 
 

Saha et al., 2008 
 


