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Summary

Sesbania grandiflora (S. grandiflora) is widely used in Indian traditional
medicine for the treatment of a large spectrum of diseases. In the present study, we
assessed the possible effects of aqueous suspension of S. grandiflora (ASSG) leaves
against cigarette smoke induced hyperlipidemia in rats. Adult WKY rats exposed to
cigarette smoke for a period of 90 days were assigned randomly to a control group and
a treatment (ASSG, 1000mg kg') group and were treated orally for 3 weeks. The
efficacy of ASSG on total lipids, total cholesterol (TC), triglycerides (TG),
phospholipids, high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C) and very low density lipoprotein-cholesterol (VLDL-C) were
estimated in cigarette smoke exposed (CSE) rats. Total lipids, total cholesterol,
triglycerides, LDL-C, and VLDL-C were significantly increased while phospholipids
and HDL-C was significantly decreased in cigarette smoke exposed rats. These results
were reversed to near normal in ASSG treated with cigarette smoke exposed rats. These
observations clearly demonstrated the hypolipidemic effect of S. grandiflora in
cigarette smoke exposed rats. These results provide further support to the traditional use
of S. grandiflora for the treatment of smoking induced hyperlipidemia associated
diseases.
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Introduction

Cigarette smoking has been implicated as an independent and strong risk factor
for cardiovascular diseases [1]; the underlying pathophysiological role of cigarette smoke
is partially understood. Common feature of cigarette smoke associated cardiovascular
pathology, including atherosclerogenesis and myocardial infarction is associated with
impaired lipid and lipoprotein metabolism. Several smoking effects have been described
as being atherogenic, such as direct vascular actions [2], oxidative stress [3],
thrombogenic factors [4] and secondary dyslipidemia [5,6] whereas a large number of
research groups depicted increased plasma levels of atherogenic lipoproteins (LDL-C and
VLDL-C) and decreased levels of antiatherogenic lipoprotein (HDL-C) in smokers [7].
Besides, total cholesterol and triglycerides were increased and phospholipids was
decreased in cigarette smoke exposed rats [8]. To modulate the lipid and lipoprotein
alterations several antioxidant and hypolipidemic herbs has been used that may be useful
adjuncts in reducing the risk of cardio vascular diseases.

Sesbania grandiflora (L.) pers (Febaceae), commonly known as ‘sebania’
and ‘agathi’, has been used as an important dietary nutrition source in Southeast Asian
countries [9]. S. grandiflora leaves are a richest source of amino acids and contain
several essential minerals and vitamins. In addition, it contains saponin, an aliphatic
alcohol and grandiflorol (a-5-methyl-5-pentacosanol) [10,11] which could reduce the

blood cholesterol level.
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Different parts of this plant are used in Siddha system of Indian traditional
medicine for the treatment of a wide spectrum of ailments including anemia, bronchitis,
fever, headache, ophthalmia, nasal catarrh, inflammation, leprosy, gout and rheumatism
[12]. It also possesses anxiolytic and anticonvulsive [13] and hepatoprotective [14,15]
properties. In addition, S. grandiflora is mentioned as a potent antidote for tobacco and
smoking-related diseases [16] However, the mechanisms underlying its beneficial effects
against chronic smoking associated diseases are yet to be determined.

In the present study, we depicted the effects of S. grandiflora against cigarette
smoke-induced hyperlipidemia in rats. For that purpose, adult Wistar-Kyoto (WKY) rats
were exposed to cigarette smoke for a period of 90 days and subsequently treated for 3

weeks with aqueous suspension of leaves of S. grandiflora (ASSG).

Materials and Methods

Drugs and chemicals

Phosphotungstic acid, Magnesium chloride, Adenosine tri phosphate, Cholesterol
and phospholipid standard were obtained from the Sigma chemicals company (MO,
St.Louis, USA). All other chemicals and solvents utilized in this study were purchased

from Glaxo Laboratories (P) Ltd (Mumbai, India).

Plant material
Fresh S. grandiflora leaves were collected from a local plantation (Poovathur,
Thanjavur, India). The leaves were washed for any contaminants, dried thoroughly under

shade and then was crushed in a motor and pestle.
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The powder form of the leaves of S. grandiflora was reconstituted in distilled
water to form a suspension. The aqueous suspension of S. grandiflora (ASSG) leaves was

prepared freshly every day prior to administration.

Animals

All the experimental procedures utilized were performed in accordance with
guidelines issued by the Institutional Animal Care and Ethics Committee. Male Wistar-
Kyoto (WKY) rats weighing 125-150 gm were obtained from Venkateshwara Animal
Breeding Centre, Bangalore, India. Animals were housed in polypropylene cages with
filter tops under controlled conditions of a 12 hour light/ 12 hour dark cycle, and 27 +
2°C and were fed with standard laboratory pellets (Amrut rat feed, Chakan oil mills Ltd,

Pune, India) and tap water ad libitum.

Experimental design

The animals were randomly divided into four groups (n = 6). The rats in Group 3
and Group 4 were exposed to chronic cigarette smoke for a period of 90 days and
subsequently assigned to a control group (Group 3, CSE) and a treatment group (Group
4, CSE + ASSG). The rats in Group 3 and Group 4 were exposed to cigarette smoke as
described earlier [17]. Briefly, the rats were kept in a polypropylene cage with a lid made
of polythene paper. A lighted cigarette was placed in a flask connected to the cage, and
air was supplied into the flask for 10 min by a small air pump. A length of 5.9 cm of

each cigarette was allowed to be burned by clamping the butt when it was placed in a

flask.
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Each rat was subjected to inhalation of cigarette smoke seven times a day at
regular intervals of one hour (from 11 AM to 5 PM). The rats in Group 1 (Control) and
Group 2 (ASSG alone) were treated identically but without exposure to cigarette smoke.
The rats under different groups were treated for 3 weeks by oral gavage and the dose of
ASSG was kept as 1000mg kg™ of body weight.

At the end of experimental period, the animals were sacrificed by cervical
decapitation; blood was collected and centrifuged to obtain serum. Lung, liver, kidney
and heart were excised immediately, washed in ice cold saline and then homogenized in

Tris-HCl buffer (0.05 M, pH 7.4).

Biochemical analysis

Total lipids were extracted from tissues according to Folch et al [18] using
chloroform - methanol mixture (CHCI;:CH3;0H) (2:1 v/v). The total cholesterol was
estimated by the method of Allain [19]. Triglycerides were estimated by the method of
Werner et al [20]. Phospholipid content was determined by the method of Zilversmit et al
[21] and liberated phosphorus was estimated by the method of Fiske and Subbarow [22].
HDL-C was separated by adding phosphotungstic acid and magnesium chloride to the
fresh samples to precipitate other lipoproteins and the HDL-C was estimated by the
method of Allain [19]. The concentration of LDL-C was calculated by using the
Friedwald formula [23] and VLDL-C was calculated by dividing the triglyceride value

(in mg/dl) by 5.

313



Pharmacologyonline 3: 309-323 (2006) Ramesh and Begum

Statistical analysis
Results are expressed as mean = SD (n = 6). The observed differences were
analyzed for statistical significance by One-way of the analysis of variance with Tukey’s

multiple comparison as post test

Results

Table 1-3 shows the levels of total lipids, total cholesterol, triglycerides and
phospholipids in serum, lung, heart, liver and kidney of control and experimental rats.
Total lipids, total cholesterol and triglycerides in the serum, lung, heart, liver and kidney
of Group 3 rats (CSE) was significantly higher while phospholipids was significantly
lower as compared with that observed in Group 1 rats (Control). Group 4 rats (CSE +
ASSG) showed significant decrease in the levels of total lipids, total cholesterol and
triglycerides whereas significant increase in the levels of phospholipids as compared with
that observed in Group 3 rats. Significant changes were not observed in Group 2 rats
(ASSG + alone) as compared with Group 1 rats.

Table 4 represents the concentration of lipoproteins in the control and
experimental rats. The levels of HDL-C were significantly decreased in Group 3 rats with
a significant increase in LDL-C, VLDL-C, LDL/HDL and TC/HDL ratios when
compared to Group 1 rats. Group 4 rats showed significantly higher HDL-C
concentrations and significantly lower in LDL-C, VLDL-C, LDL/HDL and TC/HDL
ratios as compared with that observed in Group 3 rats. No significant alterations were

seen between Group 1 and Group 2 (ASSG alone treated) rats.
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Table 1: Effect of S. grandiflora on total lipids, total cholesterol, triglycerides and

phospholipids in serum

Parameters Total lipids Total cholesterol  Triglycerides Phospholipids
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 256.42 + 14.72 112.77 £ 6.02 61.42+£3.04 96.29 £ 5.74
ASSG alone 254.52 £12.73 110.28 £ 6.24 60.95+3.14 96.13 £5.17
CSE 439.51+14.93 * 143.01 £6.19 * 97.53+3.42 % 67.42+£523 *
CSE+ASSG 32173+ 1243 * 11421%+6.18 * 74.61 £3.00 * 90.18 £4.97 *

Values are expressed as mean + SD (n=6), Statistical comparison are made between

Control vs ASSG alone and CSE; CSE vs CSE+ASSG. Statistical significance
at * p <0.001

Table 2: Effect of S. grandiflora on total lipids, total cholesterol, triglycerides and

phospholipids in lung and heart

Parameters Total lipids Total cholesterol Triglycerides Phosphplipids
(mg/g tissue)

Lung

Control 15.52+1.04 5.93+£0.39 422+0.42 4.03+£0.22
ASSG 1543+ 1.24 5.62£043 4.17+0.39 4.23+£0.24
CSE 2423 +1.07* 1246+ 0.62 * 11.45+037 * 2.13+£0.20%*
CSE+ASSG 19.26 + 1.23 * 7.92+£0.41* 7.21£0.41* 3.80£0.26 *
Heart

Control 17.57+1.14 3.27+0.41 3.63£0.23 3.13+0.17
ASSG 17.56 £ 1.38 322+0.38 3.54£0.32 3.24£0.26
CSE 33.19£2.11%* 8.13£0.32* 823+£0.27% 1.52+0.10 *
CSE+ASSG 23.01+1.24* 4.73+£0.36 * 4.62+0.24* 292+031*

Values are expressed as mean + SD (n=6), Statistical comparison are made between

Control vs ASSG alone and CSE; CSE vs CSE+ASSG. Statistical significance
at * p <0.001.
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Parameters Total lipids Total cholesterol ~ Triglycerides Phospholipids
(mg/g tissue)

Liver

Control 30.12+£1.97 7.69 +0.30 1041 £0.73 9.57+0.42
ASSG 30.10£ 1.26 7.21+0.33 10.07 £ 0.52 9.65+0.47
CSE 41.14£2.29* 19.27+0.61 * 23.13+£0.78 * 462+036*
CSE+ASSG 3224+£2.01*  9.16£048* 12.44 £0.63 * 8.43+0.44 *
Kidney

Control 21.34+£1.35 6.65+0.29 8.23+0.42 4.76 £0.33
ASSG 20.78 £ 1.29 6.03+0.34 8.15+0.51 4.77+0.29
CSE 3747+ 1.42% 1324+£052* 19.38£0.47 * 2.34£0.13 *
CSE+ASSG 2652+ 1.67* 733+042* 11.72£0.31 * 4.08+0.27 *

Values are expressed as mean + SD (n=6), Statistical comparison are made between
Control Vs ASSG alone and CSE; CSE vs CSE+ASSG. Statistical significance
at * p <0.001

Table 4: Effect of S. grandiflora on LDL, VLDL, HDL, LDL/HDL and TC/HDL

1n serum.

Parameters Control ASSG alone CSE CSE+ASSG
(mgy/dl)

LDL 47.18 £2.36 46.21 £2.31 94.27 + 3.44* 49.59+2 .48*

VLDL 12.28 +1.04 12.19+0.76 19.51 £ 1.09* 14.92 + 0.92*

HDL 27.15 +1.36 27.05+1.40 18.54+ 0.93* 23.02+1.15%

LDL/HDL 1.74 +£0.09 1.71 £0.09 5.08+£0.23 * 2.15+0.11*

TC/HDL 4.15+0.16 4.08 +0.15 7714034 496+023

Values are expressed as mean = SD (n=6), Statistical comparison are made between
Control vs ASSG alone and CSE; CSE vs CSE+ASSG. Statistical significance
at * p <0.001
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Discussion

In the present study, the effect of S. grandiflora leaves were investigated on the
alterations of lipid and lipoproteins in cigarette smoke exposed rats. The present results
demonstrated that exposure to cigarette smoke increased concentration of total
cholesterol in serum, lung, heart, liver and kidney of rats. This result is suggesting that
chronic cigarette smoke exposure could enhance the cholesterol synthesis. This
observation was consistent with earlier report [8]. Cigarette smoke increased the
production of cholesterol, through the induction of HMG- CoA reductase activity which
is acting as a rate limiting step enzyme in cholesterol biosynthesis [24]. Administration of
ASSG decreased the concentration of total cholesterol in cigarette smoke exposed rats.
This might be attributed to saponin, grandiflorol and vitamin C [10]. Saponin act by
binding with bile acids and cholesterol then removed these fatty substances from the
body. Grandiflorol is a long chain fatty alcohol; it affects the cholesterol biosynthesis in
liver and reduced the complication of coronary heart disease [25]. Vitamin C which is
present in S. grandiflora enhanced the cholesterol degradation process result in decreased
levels of total cholesterol in cigarette smoke exposed rats. This result correlated with
perivious report [24].

Cigarette smoke exposure significantly increased the triglycerides levels [26].The
present study also observed increased concentration of triglycerides in cigarette smoke
exposed rats. This might be attributed to nicotine. Kavitharaj and Vijayammal [27] also
reported that chronic administration of nicotine was found to produce enhanced synthesis

of triglycerides.
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The increased level of triglycerides is an independent risk factor for coronary
heart disease [28]. Administration of ASSG was reduced the levels of triglycerides to
near normal in cigarette smoke exposed rats. In addition, the present study observed
significant reduction in the levels of phospholipids in serum, lung, heart, liver and kidney
of cigarette smoke exposed rats. Chitra et al [8] also reported that phospholipids level
was significantly decreased in cigarette smoke exposed rats. This might be due to
cigarette smoke generated free radicals, attacked on phospholipids result in the reduction
of phospholipids. ASSG administration was ameliorated the levels of phospholipids in
cigarette smoke exposed rats. This might be due to antioxidant compounds like f-
carotene and vitamin C which are present in S. grandiflora.

Cigarette smoke exposure altered the concentration of lipoproteins. This might be
due to cigarette smoke induced reduction of lipoprotein lipase (LPL) and lecithin
cholesterol acyltransferase activity (LCAT) [29]. Lipoprotein lipase is involved in the
uptake of VLDL-C (TG rich lipoproteins). In the present study, VLDL-C level was
significantly increased in cigarette smoke exposed rats. This result is correlated with the
decreased activity of LPL. The increased VLDL-C leads to the high concentration of
LDL-C. This process was reflected in the preset study as elevated level of LDL-C in
cigarette smoke exposed rats. Earlier studies also reported that LDL-C level was
significantly increased in cigarette smokers [30,31]. The elevated LDL-C is highly
susceptible to oxidation. Oxidized LDL-C plays an important role in the development of

atherosclerotic process and endothelial dysfunction [32,33].
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Moreover, the present study observed diminished level of HDL-C in cigarette
smoke exposed rats. This result was reliable with earlier reports [26,30]. Besides, Vella et
al [34] also reported that HDL-C level was significantly decreased in cigarette smokers.
This might be due to increased VLDL-C leads to decreased levels of HDL-C by the
poorer availability of phospholipids remnants from VLDL-C to HDL-C formation and
decreased activity of LCAT [35]. Due to lipoproteins alteration, lipids might be
accumulated in the tissues. Hence, in the present study, the total lipids level was
significantly elevated in cigarette smoke exposed rats. In addition, the present study
observed elevated levels of TC/HDL-C and LDL-C/HDL-C ratio in cigarette smoke
exposed rats. These results also predictors of coronary risk [31, 36]. Administration of
ASSG normalized the above alterations in cigarette smoke exposed rats. This might be
due to hypolipidemic and antioxidant property of S. grandiflora.

In conclusion, S. grandiflora has a hypolipidemic action against cigarette smoke
induced hyperlipidemia. These results provide further support to the traditional medicinal
use of S. grandiflora for the treatment of cigarette smoke induced hyperlipidemia

associated diseases.
References

1. Goldstein LB, Adams R, Becker K. Primary prevention of ischemic stroke: A
statement for healthcare professionals from the Stroke Council of the American Heart
Association. Circulation 2001; 103:163-182.

2. Njolstad I, Arnesen E, Lund-Larsen PG. Smoking, serum lipids, blood pressure and
sex differences in myocardial infarction. A 12-years follow-up of the Finnmark

Study. Circulation 1996; 93:450-456.

319



Pharmacologyonline 3: 309-323 (2006) Ramesh and Begum

3. Gouaze V, Dousset N, Dousset JC. Effect of nicotine and cotinine on the susceptibility
to in vitro oxidation of LDL in healthy nonsmokers and smokers. Clin. Chim. Acta.
1998; 277:25-37.

4. Miller GJ, Bauer KA, Cooper JA. Activation of the coagulant pathway in cigarette
smokers. Thromb. Haemost. 1998; 79:549-553.

5. Dullaart RP, Hoogenberg K, Dikkeschei BD. Higher plasma lipid transfer protein
activities and unfavorable lipoprotein changes in cigarette smoking men. Arterioscler.
Thromb. 1994; 14:1581-1585.

6. Agueda CMZ, Eder CRQ, Andrei CS, Valeria SN, Ana ML, Richard EM, Eliana CF.
Smoking prevents the intravascular remodeling of high-density lipoprotein particles:
Implications for reverse cholesterol transport. Metabolism 2004; 53:858-862.

7. Kharb S, Singh GP. Effect of smoking on lipid profile, lipid peroxidation and
antioxidant status in normal subjects and in patients during and after acute myocardial
infarction. Clin. Chim. Acta. 2000; 302:213-219.

8. Chitra S, Semmalar R, Shyamala devi CS. Effect of fish oil on cigarette smoking
induced dyslipidemia in rats. Ind. J. Pharmacol. 2000; 32:114-119.

9. Ferantinos L. Human consumption of Sesbania grandiflora. In: Macklin B and Evans
DO (ed.) Perennial Sesbania species in agroforestry systems. Hawaii: NFTA, 1990-
1991, pp.105.

10. The wealth of India. Raw materials. Council of Scientific Industrial Research

(CSIR) New Delhi, India, 1972, pp. 295-298.

320



Pharmacologyonline 3: 309-323 (2006) Ramesh and Begum

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Govindan S, Shanmugasundaram ERB. Evaluation of the nutritive value of agathi
(Sesbania grandiflora) leaf protein concentrate. The Ind J. Nutr. Dietet 1987; 24: 370-
375.

Joshi SG. Leguminoceae: text book of medicinal plants, Oxford and TBH publishing
Co Pvt Ltd , New Delhi; 2000, pp.130.

Kasture VS, Deshmukh VK, Chopde CT. Anxiolytic and anticonvulsive activity of
Sesbania grandiflora leaves in experimental animals. Phytother. Res. 2002; 16:455-
460.

Vijayakumar G, Srinivasan SR, Dhanapalan P. Preliminary study on the effect of
indigenous plant Sesbania grandiflora in carbon tetrachloride inducede hepatitis in
calves. Ind. J. Vet. Med. 1997; 17:17-21.

Pari L, Uma A. Protective effect of Sesbania grandiflora Against Erythromycin
Estolate-Induced hepatotoxicity. Therapie. 2003; 58:439-443.

Murugesan KS. Materia Medica (vegetable section), 4™ ed., TamilNadu siddha
medical board, Government central Press, Chennai, India, 1988, pp. 1-3.

Eun-Mi P, Young-Mee P, Young-Seob G. Oxidative damage in tissues of rats
exposed to cigarette smoke. Free. Radic. Biol. Med. 1998; 25:79-86.

Folch J, Lees M, Sloane GH. A simple method for the isolation and purification of
total lipids from animal tissues. J. Biol. Chem.1957; 226:497-509.

Allin CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic determination of
total serum cholesterol. Clin. Chem. 1974; 20: 470-5.

Werner M, Gabrielson DG, Eastman G. Ultramicro determination of serum

triglycerides by bioluminescent assay. Clin. Chem. 1981;27:268-271.

321



Pharmacologyonline 3: 309-323 (2006) Ramesh and Begum

21.

22.

23.

24.

25.

26.

27.

28.

29.

Zilversmit DB, Davis AK. Micro determination of plasma phospholipids by TCA
precipitation. J. Lab. Clin. Med.1950; 35:155-159.

Fiske CH, Subbarow Y. The colorimetric determination of phosphorus. J. Biol.
Chem. 1925; 66:375-400.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin. Chem. 1972; 18: 499-502.

Helen A, Vijayammal PL. Vitamin C diminishes cigarette smoke induced
hyperlipidemia in rats. J. Eco. Biol. 1996; 8: 83-89.

Stuchlik M, Zak S. Vegetable lipids as components of functional foods. Biomed.
Papers. 2002; 146: 3-10.

Yasue H, Hirai N, Mizuno Y, Harada E, Itoh T, Yoshimura M, Kugiyama K, Ogawa
H. Low-grade inflammation, thrombogenicity, and atherogenic lipid profile in
cigarette smokers. Circ. J. 2006; 70:8-13.

Kavitharaj NK, Vijayammal PL. Nicotine administration induced changes in the
gonadal functions in male rats. Pharmacol.1999; 58: 2-7.

Nakanishi N, Okamota M, Makino K, Sazuki K, Tatara K. Distribution and
cardiovascular risk correlates of serum triglycerides in young Japanese adults. Indus.
Health. 2002; 40:28-35.

Chen C, Loo G. Inhibition of lecithin: cholesterol acyltransferase activity in human
blood plasma by cigarette smoke extract and reactive aldehydes. J. Biochem. Toxicol.

1995; 10:121-128.

322



Pharmacologyonline 3: 309-323 (2006) Ramesh and Begum

30.

31.

32.

33.

34.

35.

36.

Porkka KVK, Ehnholm C. Smoking, alcohol and lipoprotein metabolism. Curr. Opin.
lipidol. 1996; 7:162-166.

Sharma SB, Dwivedi S, Prabhu KM, Singh G, Kumar N, Lal MK. Coronary risk
variable in young asymptomatic smokers. Indian J. Med Res. 2005; 122:205-210.
Orem A, Yandi YE, Vanizor B, Cimsit G, Uydu HA, Malkoc M. The evaluation of
autoantibodies against oxidatively modified low density lipoprotein (LDL),
susceptibility of LDL to oxidation, serum lipids and lipid hydroperoxide levels, total
antioxidant status, antioxidant enzyme activities, and endothelial dysfunction in
patients with Behcet’s disease. Clin. Biochem. 2002; 35:217-224.

Nakajima K, Yamashita T, Kusuhara M, Yonemura A, Ito T, Higashi K, Ayaori M,
Ohmori R, Nakamura H, Ohsuzu F. The susceptibility of lipoprotein (a) to copper
oxidation is correlated with the susceptibility of autologous low density lipoprotein to
oxidation. Clin. Biochem. 2003; 36:113-120.

Vella JC, Linaje MJ, Perez-Iniguez B. Serum concentration of lipoprotein (a) and
cholesterol in HDL subfractions in relation to cigarette consumption. Rev. Soc. Esp.
Quim. Clin.1994; 13: 50-253.

Pugalendi KV, Ramakrishnan S. Blood cholesterol and HDL cholesterol in cigarette

smokers. Indian J. Phys. Pharm. 1991; 35:138-140.

National Cholesterol Education Program Expert Panel: Second report of the expert
panel on detection, evaluation and treatment of high blood cholesterol in adults.

Circulation. 1994; 89:1333-1445.

323



