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ABSTRACT 

Hyperlipidemia/hypercholesterolemia and oxidative stress are major risk factors for atherosclerosis and 

cardiovascular diseases. Cassia fistula Linn. is widely used in Ayurvedic and Unani systems of medicines 

to treat various ailments. The present study was undertaken to investigate antioxidant and antiatherogenic 

efficacy of 50% ethanolic extract of C. fistula legume in cholesterol fed Wistar rats. Results of the study 

showed that total cholesterol, total phospholipids and triglycerides contents were significantly (P<0.001) 

increased in aorta of cholesterol fed control rats. Cholesterol feeding also resulted in a significant 

(P<0.01) increase in lipid peroxidation (TBARS level) with a concomitant decrease in glutathione (GSH) 

content (P<0.01) and catalase (P<0.05) activity. Simultaneous treatment of C. fistula legume extract at 

100, 250 and 500 mg/kg b.wt./day doses, orally for 90 days along with cholesterol feeding significantly 

prevented the rise of aortic lipid profile, TBARS level and improved the levels of glutathione and catalase 

in aorta. The histopathological study of the aorta revealed that C. fistula extract treatment significantly 

prevented the atherogenic lesions induced due to cholesterol feeding. The results of the present study 

suggest that 50% ethanolic extract of C. fistula legume possesses significant hypolipidemic, 

antiatherogenic and antioxidant activities in Wistar rats.   
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INTRODUCTION 

Cardiovascular diseases remain the leading cause of morbidity and mortality all over the world (WHO, 

2014). The elevation of serum total cholesterol and low-density lipoprotein (LDL) cholesterol as well as 

alteration of other lipid parameters has been implicated as a primary risk factor for cardiovascular 

diseases. Persistent hypercholestromia along with generation of reactive oxygen species (ROS) plays a 

key role in the development of coronary artery disease (CAD) and atherosclerosis (Parsad and Kalra, 

1989). Oxidative stress is currently suggested a mechanism underlying hypercholesteromia. It has been 

suggested that oxidative modification of low density lipoproteins (LDL) caused by reactive oxygen 

species results in the formation of foam cells which is the initial lesion of atherosclerosis (Steinberg, 

1997; Ross, 1999). The control of cardiovascular risk factors is thus imperative for reducing the morbidity 

and mortality all over the world. Several modern synthetic drugs such as statins, fibrates nicotinic acid 

and resins are widely used to as clinical treatment to lower blood cholesterol level via different 

mechanisms (Davidson et al., 2004). However, their long term consumption causes adverse health effects 

(Bhatnagar, 1998; Marshall, 2014). The modulation of risk of coronary heart disease by lowering blood 

lipid profiles by using natural products of plant origin as a possible therapeutic measure has become a 

subject of active scientific investigation as these are easily available, cheap and comparatively safe 

(Saravanan and Ignacimuthu, 2015). Medicinal plants are important source of a large number of bioactive 

novel compounds which offer themselves as promising substance for the development of hypolipidemic 

and antioxidant agents (Haber, 2001; Anilla and Vijaylakshmi, 2002; Joanna et al., 2003; Mahmood et 

al., 2010) Epidemiological evidences and international studies have also correlated higher level of 

antioxidant rich food uptake with lower incidence of coronary heart disease (Devasagayam et al., 2004). 

Cassia fistula Linn. (Family: Fabaceae commonly known as Indian laburnum) has been used in the 

treatment of various ailments dating back to ‘Charaksamhita’ and ‘Sushrutsamhita’. According to 

Ayurvedic and Unani systems of medicines various parts of C.fistula are highly useful in curing various 
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diseases and snake bite (Kirtikar and Basu, 1933). The dried pods and pulp are valued for their laxative 

properties. The pulp is considered a safe purgative, recommended for pregnant women and children to 

relive disorders of the liver and biliousness. It is also used to treat leprosy and diabetes and for the 

removal of abdominal obstructions.  

The seeds possess laxative, carminative, cooling and antipyretic properties. They are used to relieve 

constipation and to treat jaundice, biliousness, skin diseases and swollen throat. In Ayurveda, the bark is 

used to treat skin diseases, such as eczema and leucoderma, diabetes, dysuria, leprosy, jaundice, syphilis 

and arthritis. The leaves possess antiperiodic and laxative properties and are used in the treatment of 

jaundice, piles, rheumatism and externally for skin diseases. The root is useful for treating cardiac 

disorders, biliousness and rheumatic conditions (Parrotta, 2001). 

Experimental studies have shown that extract of C. fistula possesses hypolipidemic, hepatoprotective, 

antidiabetic, anti- inflammatory, antitumor, antimicrobial, antipyretic, antiulcer, antioxidant, antifertility 

and wound healing properties (Chauhan et al., 2011; Danish et al., 2011; Ashraf Ali, 2014). 

Phytochemical studies revealed that the pulp of the C. fistula pod is rich in antioxidants and contains 

anthraquinone glycosides, sennosides A and B, rhein and its glucoside, barbaloin, aloin, formic acid, 

butyric acid and their ethyl esters, oxalic acid, pectin and tannin (Bahorun et al., 2005; Khare, 2007; 

Ashraf Ali, 2014).  

Proanthocyanidins containing flavon-3-ol units with abnormal 2S configuration have also been observed 

in the pods of the plant, together with the common flavon-3-ols and proanthocyanidin like catechein, 

epicatechin, procyanidin B-2 and epiafzelechin (Kashiwada et al., 1990). A new bioactive flavone 

glycoside 5,3’,4’- tri-hydroxy-6-methoxy-7-0-α-L- rhamnopyranosyl-(1→2)-0-β-D-galactopyranoside 

was also reported by Yadav and Verma (2003). Oxyanthroquinines, chrysophanol and chrysophanein 

were also isolated from the seeds of C. fistula by Kuo et al., (2002). 

The pulp is rich source of minerals (Fe and Mn), energy and contains a large number of essential amino 

acids in good amount (Barthakur et al., 1995). Misra et al., (1997) reported new diterpenes, 3 beta-

hydroxy-17-norpimar-8(9)-en-15-one from pods of C. fistula. 

The present study was designed to investigate anti-hyperlipidemic, antioxidant and antiatherogenic 

efficacy of 50% ethanolic extract of C. fistula legume in dorsal aorta of cholesterol fed Wistar rats. 

 

MATERIALS AND METHODS 

Cassia Fistula: Ripe legumes of C. fistula were collected from the campus of Rajasthan University, 

Jaipur and authenticated from the Herbarium, Department of Botany, University of Rajasthan, Jaipur, 

India (Voucher specimen no. RUBL 19870). The plant material was dried in shade and ground to coarse 

powder and extracted with 50% ethanol for 36 hours at 60-80˚C. The extract was filtered and evaporated 

to dryness under low temperature and reduced pressure. The crude extract so obtained was suspended in 

double distilled water and used for experimental study. 

Cholesterol Powder: Cholesterol powder was purchased from Himedia Laboratories Ltd., (India). 

Animals: Colony bred, adult, healthy, male Wistar albino rats weighing 175-210 g were utilized for these 

experiments. The rats were housed in groups in polypropylene cages under controlled conditions of 

temperature (220C + 3 0C) and light (14:10h light and dark cycle) and provided balanced pallet diet 

(Lipton India Ltd. Bangalore, India) and water ad libitum. The animals were maintained as per guidelines 

of the Committee for the Purpose of Control and Supervision of experimental animals (CPCSEA) 

regulations. The study was approved by the institutional ethical committee, Department of Zoology, 

University of Rajasthan, Jaipur, India. The rats were randomly divided into following groups each having 

7 rats: 

Group I: Rats fed on normal pallet diet and distilled water (0.5ml/rat) as vehicle. 

Group II: Rats orally administered with cholesterol (500 mg/kg. b.wt/day) dissolved in coconut oil (0.5 

ml/rat) and distilled water as vehicle. 

Group III: Rats orally administered with cholesterol (500 mg/kg b.wt./day) + C. fistula extract (100 

mg/kg. b.wt/day) suspended in distilled water (0.5ml/rat). 
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Group IV: Rats orally administered with cholesterol (500 mg/kg. b.wt/day) + C. fistula extract (250 

mg/kg. b.wt/day) suspended in distilled water (0.5ml/ rat). 

Group V: Rats orally administered with cholesterol (500 mg/kg. b.wt./day) + C. fistula extract (500 

mg/kg. b.wt./day) suspended in distilled water (0.5ml/rat). 

All the rats of various experimental groups received treatment for 90 days.  

Autopsy: At the end of experimental period, the rats were deprived of food overnight, sacrificed under 

mild ether anesthesia. Blood sample were collected directly from the heart and serum was separated and 

stored at-20ºc for biochemical analysis.  

Dorsal aorta and other vital organs were removed, cleaned and weighted on electric balances. Half of the 

aorta sample was fixed in 10% formol calcium solution for histological studies and remaining half was 

refrigerated (-70ºc) for biochemical analysis.  

Tissue Biochemistry  

Quantitative biochemical estimations of total proteins (Lowry et al., 1951), total cholesterol (Zlatkis et 

al., 1953), phospholipids (Zilversmit and Davis, 1950) and triglycerides (Gottfried and Rosenberg, 1973) 

were made in the frozen aorta samples.  

Lipid Peroxidation and Antioxident Defense System  

Lipid peroxidation in aorta was estimated by employing the thiobarbituric acid reactive substance 

(TBARS) assay (Okhawa et al., 1979). Glutathione (GSH) (Moron et al, 1979) and catalase activity 

(Claiborne, 1985) were also determined in aorta sample.  

Histopathological Study  

For histopathological study, the aorta were fixed in 10% formol-calcium solution, then dehydrated in 

graded series of ethyl alcohol, cleared in xylene and embedded in paraffin wax. Sections were cut at 5 µm 

thickness and stained with hematoxylin and Eosin (H& E) stain for studying histopathological changes.  

Statistical Analysis 

The data obtained after biochemical estimations of control and treated rats were averaged, standard error 

of the mean was calculated and compared by applying Student ‘t’ test.  

 

RESULTS AND DISCUSSION 

Results  

Aortic Lipid Profile  

Cholesterol feeding in rats for 90 days resulted in a significant increase (P< 0.001) in aortic cholesterol 

concentration. Simultaneous treatment of 50% ethanolic extract of Cassia fistula legume at 100,250 and 

500 mg/kg b.wt. doses significantly countered the increase in aortic cholesterol concentration when 

compared with cholesterol fed control rats. (Table 1)  

Aortic total phospholipid concentration was significantly increased (P<0.001) in cholesterol fed control 

rats when compared with normal control. Treatment of C.fistula legume extract at 100,250 and 500 mg/kg 

b.wt./day dose regimen along with cholesterol feeding showed significant (P<0.05; P<0.01; P<0.001, 

respectively) dose dependent decrease in aortic phospholipid concentration as compared to cholesterol fed 

control rats (Table 1).  

Concentration of triglycerides in aorta of cholesterol fed rats was also increased significantly (P<0.001) as 

compared to cholesterol fed control rats. Simultaneous treatment of C.fistula legume extract at 250 and 

500 mg/kg b.wt./day doses along with cholesterol feeding significantly (P<0.01, P<0.001, respectively) 

prevented the rise of triglycerides in aorta when compared to cholesterol fed control rats (Table 1)  

Lipid Peroxidation and Antioxidant Defense Parameters 

Cholesterol feeding in rats for 90 days caused a significant increase (P<0.01) in lipid peroxidation 

(TBARS level) with a concurrent decline in catalase activity (P<0.05) and glutathione (GSH) content 

(P<0.01) in aorta as compared to normal control rats. Simultaneous administration of C.fistula legume 

extract at 250 and 500 mg/kg b.wt./day significantly (P<0.05) prevented the rise in TBARS level and 

improved glutathione level (P<0.05, P<0.01 respectively) and catalase activity (P<0.05) when compared 

to cholesterol fed control rats (Table 1).  
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Table 1: Effects of Cassia Fistula (C.F.) Extract on Aortic Lipid Profile, TBARS and Antioxidant Defense Parameters  

Group/ 

Treatment 

Total Cholesterol 

(mg/g) 

Total 

Phospholipids 

(mg/g) 

Triglycerides 

(mg/g) 

Lipid Peroxide 

(TBARS) 

(Mole/mg 

Tissue) 

Glutathione 

(GSH) (µmole/g 

tissue) 

Catalase (n Mole of 

H2O2 

Decomposed/min/mg 

Protein) 

Group I  

(Normal control 

rats) 

5.60±0.32 7.64±0.62 10.87±0.54 1.17±0.14 2.43±0.14 44.87±2.13 

Group II 
(Cholesterol fed 

rats) 

16.25±0.70c 16.31±0.75c 20.32±0.88c 2.42±0.29b 1.56±0.14b 37.23±2.27a 

Group III 
(Cholesterol + 

C.F. 100mg/kg) 

14.11±0.90* 13.10±0.83* 18.61±1.14ns 1.98±0.14ns 1.77±0.09ns 41.27±3.12ns 

Group IV 
(Cholesterol + 

C.F.250 mg/kg) 

12.32±0.43*** 12.40±0.57** 15.36±0.64** 1.83±0.13* 2.12±0.17* 47.26±3.34* 

Group V 
(Cholesterol + 

C.F.500 mg/kg) 

7.85±0.50*** 9.62±0.39*** 12.15±0.44*** 1.40±0.12* 2.28±0.13** 51.37±4.21* 

                                                                                                                                                                     Values are mean ± SEM (n=7) 

Levels of Significance:  

a=p<0.05; b= p<0.01; c= p<0.001; when group II compared with group I 

ns= non significant; *=p<0.05; **= p<0.01; ***= p<0.001;  when group III, IV, V compared with group II 
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Histopathology of Aorta  
Histopathological examination of cross section of the dorsal aorta of normal control rat showed normal 

morphology. Tunica intima surface is smooth without any irregularities. While, the histopathological 

examination of the dorsal aorta in cholesterol fed control rats showed appearance of lipid laden 

macrophages and foam cells, mild proliferation of smooth muscle cells and thickening of intima layer. 

Simultaneous administration of C. fistula legume extract (100, 250 and 500 mg/kg b.wt./day) doses along 

with cholesterol feeding showed dose dependent protective effect as indicated by disappearance of foam 

cells and prevention of smooth muscle cells proliferation and normal appearance of intima layer (Figure I, 

II, III, IV, V). 

 

 
 

Figure I: C.S. of Dorsal Aorta of Normal Rat Figure II: C.S. of Dorsal Aorta of Cholesterol 

Fed Rat 

  
Figure III: C.S. of Dorsal Aorta of Cholesterol + 

C. Fistula Extract 100 mg/kg 

Figure IV: C.S. of Dorsal Aorta of Cholesterol + 

C. Fistula Extract 250 mg/kg 

 

 
Figure V: C.S. of Dorsal Aorta of Cholesterol + C. Fistula Extract 500 mg/kg (H.E. X 400) 
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Discussion  

It is well established that elevated blood lipid levels constitute a major risk factor for atherosclerosis 

Cassia fistula Linn. plant has received increasing attention for their potential role in preventing 

hepatotoxicity, lipid disorders and diabetic complications. In our earlier communication we have reported 

significant decrease in the levels of serum total cholesterol, low density lipoprotein (LDL) cholesterol, 

triglycerides and phospholipids with concomitant improvement of high density lipoprotein (HDL) 

cholesterol/total cholesterol ratio in cholesterol fed rats receiving 50% ethanolic extract of C. fistula 

legume for 90 days. The decline in serum lipid profile might be due to hypolipidemic action of the 

phytoconstituent present in the extract and/or increased fecal excretion of bile salts and lipids (Gupta and 

Jain, 2009). 

In the present study, the rats fed with cholesterol diet have shown a significant increase in aortic 

concentration of total cholesterol, triglycerides and phospholipids. Simultaneous administration of 

C.fistula extract along with cholesterol diet significantly prevented the rise of these lipids in aorta. These 

results are in agreement with earlier reports which have also shown significant increase in total 

cholesterol, triglycerides and phospholipids content of aorta in cholesterol/high fat diet fed rats (Mathew 

and Daniel, 1996; Sethupathy et al., 2002; Deepa and Varalakshmi, 2005; Ntchapda et al., 2015). The 

decline observed in tissue lipids in C.fistula extract treated rats may be correlated with decline of serum 

lipid profile. Serum lipid lowering efficacy of 50% ethanolic extract of C.fistula legume has already been 

reported in our earlier communication (Gupta and Jain, 2009). Similar to our findings, antihyperlipidemic 

activities of extracts of C.fistula fruit pulp (Tassa et al., 2015), legume (El-Saadany et al., 1991), seeds 

(Li and Guo, 2002), leaves (Sutar et al., 2015) and bark (Reddy et al., 2015) have also been reported by 

other workers.  

Rats fed with cholesterol diet showed significant increases of lipid peroxidation (TBARS level) with a 

concomitant decline in the activity of catalase and glutathione (GSH) in aorta. Lipid peroxidation is 

regarded as one of the basic mechanism of cellular damage caused by free radicals (Valko et al., 2007). 

The relationship between lipid peroxidation and hypercholestremia is well recognized, a cholesterol rich 

diet results in increased lipid peroxidation rate by induction of free radical production (Ibrahim et al., 

1991). Hypercholestremia and the process of lipid peroxidation are believed to be critically involved in 

the development of atherosclerotic lesions (Loper et al., 1983; Parsad, 2005). Parallel to present finding, 

other workers have also recorded significant increase in TBARs level in aorta of high cholesterol diet fed 

animals (De La Cruz, et al., 1999; Ling et al., 2001; Sethupathy et al., 2002; Deepa and Varalakshmi; 

2005; Ntchapada et al., 2015). The decrease observed in the levels of catalase and glutathione in aorta of 

animals cholesterol fed rats in the present study suggest deficiency of antioxidant molecules which might 

be resulted due to their over utilization to alleviate free radicals generated during hyperlipidemic state. 

Earlier studies have clearly shown that hypercholesterolemia diminishes the antioxidant defense system 

by elevating lipid peroxidation in aorta resulting in oxidative stress (Lu and Chaing, 2001; Sethupathy et 

al., 2002).  

Simultaneous administration of C.fistula legume extract along with cholesterol diet significantly 

diminished the TBARs level with concomitant improvement in catalase activity and glutathione 

concentration in aorta. Phytochemical studies have shown that C.fistula legume is rich source of naturally 

occurring bioactive compounds like galactomanns, anthraquinone glycoside, flavonoids, polyphenols and 

proanthocyanides (Bahorun et al., 2005; Rizvi et al., 2009; Ashraf Ali, 2014). Parallel to present findings 

many studies carried out in rats have also suggested that different extracts of C. fistula exerts a definite 

anti-lipidperoxidative effect (Luximon- Ramma et al., 2002; Manonmani et al., 2005; Pradeep et al., 

2010; Tassa et al., 2015). Several studies suggest that naturally occurring flavonoids and polyphenols 

scavenge free radicals including hydroxyl and superoxide anions, inhibit lipid peroxidation and improve 

lipid profile (Manach et al., 2005; Salvamani et al., 2014).  

Aorta is the main site of athermanous changes. Total cholesterol content of the aorta is good indirect 

measure of atherosclerotic severity in high cholesterol diet fed animals (Nielson et al., 1993). The 

histological picture of the aorta in cholesterol fed rats showed presence of lipid laden macrophages, foam 
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cells, thickening of atherosclerotic lesion. These results are in agreement with earlier reports which have 

also indicated significant increase of total cholesterol and triglyceride in aorta consequently leading to 

atherosclerotic lesions (Zou et al., 2005; Jain et al., 2007; Ntchapada et al., 2015).  

It is well known that persistent hypercholesterolemia results from prolonged circulation of lipid rich 

lipoproteins that increases oxidative stress leading to oxidative modification of LDL to oxy-LDL. These 

substances are toxic to endothelial cells, resulting in lesions that stimulate monocytes and macrophages to 

become foam cells, eventually leading to atheroma (Kakadiya, 2009).  

Simultaneous administration of C.fistula legume extract in cholesterol fed significantly prevented the 

atherogenic lesions in aorta.  

This might be due to presence of polyphenolic compounds, flavonoids, authroqinone glycosides and 

proanthocyanidin phytoconstituents present in the extract which lowers lipid profile and improve 

antioxidant defense system and consequently reduce oxidative stress in aorta.  

The present experimental data therefore suggest that 50% ethanolic extract of C. fistula legume has 

antiatherosclerotic and antioxidant potential in cholesterol fed Wistar rats.  

 

ACKNOWLEDGEMENT  

The authors are thankful to the Head, Department of Zoology, University of Rajasthan, Jaipur for 

providing necessary facilities in the department.  

Conflict of Interest Statement  

The authors declare that there is no declaration of interest to disclosure.  

 

REFERENCES 

Anilla L and Vijayalakshmi NR (2002). Flavonoids from Emblica officinalis and Maugifera indica 

effectiveness for dyslipidemia. Journal of Ethnopharmacology 79 81-87. 

Ashraf Ali M (2014). Cassia fistula Linn: A review of phytochemical and pharmacological studies. 

International Journal of Pharmaceutical Sciences and Research 5 2125-2130. 

Bahorun T, Neergheen VS and Aruoma OI (2005). Phytochemical constituents of Cassia fistula. 

African Journal of Biotechnology 4 1530-1540.  

Barthakur NN, Arnold NP and Ali I (1995). The Indian Laburnum (Cassia fistula L.) Fruit: an analysis 

of its chemical constituents. Plant Foods for Human Nutrition 47 55-62. 

Bhatnager D (1998). Lipid lowering drugs in the management of hyperlipidemia. Pharmacology & 

Therapeutics 79 205-230.  

Chauhan N, Bairwa R, Sharma K and Chauhan N (2011). Review of Cassia fistula. International 

Journal of Research in Ayurveda and Pharmacy 2 426-430. 

Claiborne AL (1985). In Hand Book of Methods for Oxygen Radical Research (CRC Press, Boca Raton, 

Florida) 283. 

Das S, Sarma G and Barman S (2008). Hepatoprotective Activity of aqueous extract of fruit Pulp of 

Cassia fistula (AFCF) against carbon tetrachloride (CCL4) induced liver damage in albino rats. Journal of 

Clinical and Diagnostic Research 2 1133-1138.  

Davidson MH and Tooth PP (2004). Comparative effects of lipid lowering therapies prog. 

Cardiovascular Disease 47 73-104.  

De La Cruz JP, Quintero L, Galvez J, Villalobos MA and Sánchez de la Cuesta F (1999). 

Antioxidant potential of evening primrose oil administration in hyperlipemic rabbits. Life Sciences 65 

543-555. 

Deepa PR and Varalakshmi P (2005). Atheroprotective effect of exogenous heparin-derivative 

treatment on the aortic disturbances and lipoprotein oxidation in hypercholesterolemic diet fed rats. 

Clinica Chimica Acta 355 119-130. 

Devagagayam TPA, Tilak JC, Bloor KK, Sane KS, Chaskadbi SS and Lele RD (2004). Free radicals 

and Antioxidents in human: current status and future prospects. The Journal of Association of Physicians 

of India 52 794-804.  



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jms.htm 

2015 Vol. 5 (2) May-August, pp. 280-289/Gupta et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  287 

 

El-Saadany SS, El-Massry RA, Labib SM and Sitohy MZ (1991). The biochemical role and 

hypocholesterolaemic potential of the legume Cassia fistula in hypercholesterolnic rats. Nahrung 35 807-

835. 

Manonmania G, Bhavapriyaa V, Kalpanaa S, Govindasamya S and Apparanantham T (2005). 

Antioxidant activity of Cassia fistula (Linn.) flowers in alloxan induced diabetic rats. Journal of 

Ethnopharmacology 97 39–42.  

Gollfried SP and Rosenberg B (1973). Improved manual spectrophotometric procedure for 

determination of serum triglycerides. Clinical Chemistry 19 1077-1078. 

Gupta UC and Jain GC (2009). Study on hypolipidemic activity of Cassia fistula legume in rats. Asian 

Journal of Experimental Sciences 23 241-248. 

Haber D (2001). Herbs and atherosclerosis. Current Atherosclerosis Reports 3 93-96.  

Ibrahim W, Lee US, Yeh CC, Szabo J, Bruckner G and Chow CK (1991). Oxidative stress and 

antioxidant status in mouse life, effect of dietry lipids, vitamin E and iron. Journal of Nutrition 127 1401-

1406. 

Jain GC, Jhalani S, Agarwal S and Jain K (2007). Hypolipidemic and antiatherosclerotic effect of 

Leptadenia pyrotechnica extract in cholesterol fed rabbits. Asian Journal of Experimental Sciences 21 

115-122. 

Joanna S, Thompon C and Ernest E (2003). Herbs for serum cholesterol reduction. A systematic 

review. The Journal of Family Practice 52 12-15.  

Kakadiya J (2009). Causes, Symptoms, Pathophysiology and Diagnosis of atherosclerosis- a review. 

Pharmacology Online 3 420-442.  

Kashiwada Y, Iizuka H, Yoshioka K, Chen RF and Nonaka G et al., (1990). Tannins and related 

compounds. XC III occurrence of enantiomeric proanthocyanidins in leguminoseae plants. Cassia fistula 

L. and C. javanica L. Chemical Pharmacological Bulletin 38 888-893. 

Khare CP (2007). Indian Medicinal Plants, (Springer-Verlag, New York, USA) 128. 

Kirtikar KR and Basu BD (1933). Indian Medicinal Plants II, second edition, published by (Lalit 

Mohan Basu, Allahbad, India). 

Kuo YH, Lee PH and Wein YS (2002). Four new compounds from seeds of Cassia fistula. Journal of 

Natural Products 65 1165-1167. 

Li XE and Guo BJ (2002). Effect of protein and anthraquinone glucosides from cassia seed on serum 

lipid of hyperlipidemia rats. Zhongguo Zhong Yao Za Zhi 27 374-376.  

Ling WH, Cheng QX, Ma J and Wang T (2001). Red and Black Rice Decrease Atherosclerotic Plaque 

Formation and Increase Antioxidant Status in Rabbits. Journal of Nutrition 131 1421–1426. 

Loeper J, Emert JJ, Goy OB and Loeper J (1983). Lipid peroxidation during human atherosclerosis. 

IRCS Medical Science 11 1034-1035.  

Lowry OH, Rosenbrough NJ, Farr AL and Randall RJ (1951). Protein measurement with the 

folinphenol reagents. Journal of Biology and Chemistry 193 265-275.  

Lu YF and Ching CF (2001). Effect of dietry cholesterol and fat levels on lipid peroxidation and the 

activites of antioxidant enzymes in rats. International Journal for Vitamin and Nutrition Research 71 

339-46.  

Luximon-Ramma A, Bahorun T, Soobratee MA and Aruoma OL (2002). Antioxidant activities of 

phenolic proanthocynidins and flavonoid components in extracts of Cassia fistula. Journal of Agricultural 

and Food Chemistry 50 5042-5047. 

Mahmood ZA, Sualeh M, Mahmood SB and Karim MA (2010). Herbal treatment for cardiovascular 

disease the evidence based therapy. Pakistan Journal of Pharmaceutical Sciences 23 119-24. 

Manach C, Mazur A and Scalbert A (2005). Polyphenols and prevention of cardiovascular diseases. 

Current Opinion in Lipidology 16 77-84. 

Marshall TM (2014). New insights into the statin-cholesterol controversy. Journal of the American 

Physicians and Surgeons 19 42-46.  



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jms.htm 

2015 Vol. 5 (2) May-August, pp. 280-289/Gupta et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  288 

 

Mathew BC and Daniel RS (1996). Hypolidemic effect of garlic protein substituted for casein in diet of 

rats compare to those of garlic oil. Indian Journal of Experimental Biology 34 337-340. 

Misra TN, Singh RS, Paandey HS and Singh BK (1997). A new diterpines from Cassia fistula pods. 

Fitoterapia 68(4) 375-376. 

Danish M, Singh P, Mishra G, Srivastava S, Jha KK and Khosa RL (2011). Cassia fistula Linn. 

(Amulthus) –An Important Medicinal plant: Areview of its traditional Uses, phytochemistry and 

pharmacological properties. Journal of Natural Products and Resources 1 101-118. 

Moron MS, Depierree JW and Mannervik B (1979). Levels of glutathione, glutathione reduced and 

glutathione-s-transferase activities in rat lung and liver. Biochemistry Biophysics Acta 582 67-78. 

Nielsen LB, Stender S & Kjeldsen K (1993). Effect of lovastatin on cholesterol absorption in 

cholesterol-fed rabbits. Pharmacology and Toxicology 72 148 -151. 

Ntchapda F, Djedouboum A, Talla E, Sokeng Dongmo S, Nana P,  Adjia H, Nguimbou RM, Bonabe 

C, Gaimatakon S, Njintang Yanou N and Dimo T (2015). Hypolipidemic and anti-atherogenic effect of 

aqueous extract leaves of Ficus glumosa (Moraceae) in rats. Experimental Gerontology 62 53-62.  

Okhawa H, Ohishi N and Yagi K (1979). Assay for lipid peroxides in animal tissues by the 

thiobarbituric acid reaction. Annals of Biochemistry 95 351-358.  

Parrotta JA (2001). Healing Plants of Peninsular India, (CABI Publishing, New York, USA) 7 332-334.  

Pradeep K, Mohan CVR, Gobianand K and Karthikeyan S (2010). Protective effect of Cassia fistula 

Linn. on diethylnitrosamine induced hepatocellular damage and oxidative stress in ethanol pre-treated 

rats. Biological Research 43 113-125. 

Prasad K (2005). Hypocholesterolemic and antiatherosclerotic effect of flax lignan complex isolated 

from flaxseed. Atherosclerosis 179 269-275. 

Prasad K and Kalra J (1989). Experimental atherosclerosis and oxygen free radicals. Angiology 40(9) 

835-843. 

Reddy NVLS, Pooja Raj GB, Ganga Raju M and Anarthe SJ (2015). Antihyperlipidimic activity of 

cassia fistula bark using high fat diet induced hyperlipidemia. International Journal of Pharmacy and 

Pharmaceutical Science 7 61-64.  

Rizvi MMA, Irshad M, Hassadi GE and Younis SB (2009). Bioefficacies of Cassia fistula: An Indian 

labrum. African Journal of Pharmacy and Pharmacology 3 287-292. 

Ross R (1999). Atherosclerosis – an inflammatory disease. New England Journal of Medicine 340 115-

126. 

Salvamani S, Gunasekran B, Shaharuddin NA, Ahmad SA and Shukor MY (2014). 
Antiatherosclerotic effects of plant flavonoids. Biomed Research International. 2014 Article ID 

480258.http:/dx.doi.org/10.1155/2014/480258. 

Saravanan M and Ignacimuthu S (2015). Hypocholesterolemic Effect of Indian Medicinal Plants - A 

Review. Medicinal Chemistry 5 40-49.  

Sethupathy S, Elanchezhiyan C, Vasudevan K and Rajgopal G (2002). Antiatherogenic effects of 

taurine in high fat diet fed rats. Indian Journal of Experimental Biology 40 1169-1172. 

Steinberg D (1997). Low Density Lipoprotein Oxidation and Its Pathobiological Significance. The 

Journal of Biological Chemistry 272 20963–20966.  

Sutar GV, Das K and John Einstein W (2015). Screening of different leaf extracts of Cassia fistula 

Linn for investigation of hypolipidemic activity in two different rat models. International Letters of 

Natural Sciences 3 30-43.  

Tassa BD, Gogoi G and Das S (2015). A Study of the Anti hyperlipidaemic and Antioxidant Activities 

of Aqueous Extract of Fruit Pulp of Cassia Fistula in Albino Rats. Journal of Physiology and 

Pharmacology Advances 5 603-609.  

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M and Telser J (2007). Free radicals and 

antioxidents in normal physiological functions and human diseases. The International Journal of 

Biochemistry & Cell Biology 39 44-84.  



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jms.htm 

2015 Vol. 5 (2) May-August, pp. 280-289/Gupta et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  289 

 

World Health Organization (WHO) (2014). The 10 leading causes of deaths in the world, 2000 and 

2010. 

Yadav RN and Verma VA (2003). New biologically active flavones glycosides from the seeds of Cassia 

fistula. Journal of Asian Natural Products Research 5 57-61. 

Zilvesmit DB and Davis AK (1950). Microdetermination of plasma phospholipids by trichloroacetic acid 

precipitation. Journal of Laboratory and Clinical Medicine 35 155-160. 

Zlatkis A, Zak B and Boyle AJ (1953). A new method for the direct determination of serum cholesterol. 

Journal of Laboratory and Clinical Medicine 41 486-492. 

Zou Y, Lu Y and Wei D (2005). Hypocholestrolemia effect of a flavonoids rich extract of Hypercom 

perforations in rats fed a cholesterols rich diet. Journal of Agricultural and Food Chemistry 6 2462-66.  

 

 


