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ABSTRACT 
The effect of aqueous extract of the leaves of Chromolaena odorata on body weight, organ sizes, lipid profiles and 
atherogenic indices was investigated in normal and sub-chronic salt-loaded rats. The normal and treatment con-
trol groups were fed 100% of commercial feed, while the test control, reference and test treatment groups re-
ceived an 8% salt-loaded diet. The extract (at 100 and 200 mg/kg body weight) and moduretics (at 1 mg/kg body 
weight) were orally administered daily. The normal and test control groups orally received appropriate volumes 
of water. The extract was screened for bioactive components using gas chromatography-coupled-flame ionization 
detector. The main glycosides, saponins, allicins, alkaloids, benzoic acid derivatives, terpenes and lignans de-
tected were arbutin, avenacin B-1 (and avenacin A-1), diallyl thiosulphinate, lupanine, ferulic acid (and vanillic 
acid), limonene and retusin, respectively. Compared to test control, the extract dose-dependently, significantly (P 
< 0.05) lowered the heart size, plasma levels of triglyceride, total density lipoprotein, very low density lipoprotein, 
low density lipoprotein and non-high density lipoprotein cholesterol and atherogenic indices (cardiac risk ratio, 
atherogenic coefficient and atherogenic index of plasma). It also significantly increased plasma high density li-
poprotein level. These results suggest a protective mechanism of the extract against hypertension induced car-
diomegaly and dyslipidemia, thus suggesting that this may underlie its antihypertensive action. 
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1. Introduction 
Dyslipidemia and cardiomegaly or cardiac hypertrophy 
often accompany hypertension and are among the risk 
factors for the development of cardiovascular disease 
[1,2]. Dyslipidemia, a disorder of lipoprotein metabolism 
in the form of either lipoprotein overproduction or defi-
ciency, may be expressed as increased serum total cho-
lesterol, low density lipoprotein cholesterol and/or trig-
lycerides, a decrease in high density lipoprotein choles-
terol concentration, or various combinations of these [3]. 
It usually results in altered membrane micro-viscosity, 

with the concomitant modifications of membrane proper-
ties [4], which, in cells participating in cardiovascular 
regulation, might be a part of pathogenetic mechanisms 
responsible for chronic elevation of blood pressure [5] 
and alterations in the vascular system leading to vessel 
damage [6]. The lowering of cholesterol concentrations 
in individuals at high risk of cardiovascular disease im-
proves outcome [7], therefore, any pharmacological in-
tervention that improves or normalizes abnormal lipid 
metabolism may be useful for reducing the risk of cardi-
ovascular complications in the hypertensive. 

Cardiomegaly refers to the enlargement of the heart. It 
is caused by an increased load imposed on the left ven-*Corresponding author. 
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tricle and to intense neurohumoral activation [8]. It is 
related to endothelial dysfunction and associated with 
increased prevalence of stroke, chronic renal failure, 
ventricular dysfunction, ventricular arrhythmias, coro-
nary disease and sudden death [9]. In fact, left ventricular 
hypertrophy is a powerful predictor of cardiovascular 
morbidity and mortality [10]. Several pharmacological, 
hemodynamic and non-hemodynamic factors are able to 
induce, reverse and prevent left ventricular hypertrophy 
[11], interstitial fibrosis and the progression of atheros-
clerotic effects [12], and anti-hypertensive drugs induce 
various degrees of hypertrophic regression [9]. Many 
lipid lowering therapies have been reported to decrease 
left ventricular hypertrophy [13]. So, it is ideal to have a 
medication which can control blood pressure while mod-
erating the lipid profile and attenuating cardiac hyper-
trophy. 

There is currently a tendency towards the use of natu-
ral products [14] or traditional medicine, probably due to 
the fact that it is perceived to be a cheaper means of 
treatment, and exists in every continent of the globe and 
in every cultural area of the world [15]. Many plants are 
currently used in traditional health care for the manage-
ment of hypertension. One of such plants is Chromolae-
na odorata (family Asteraceae) commonly called siam 
weed [16], a native of South and Central America, but 
presently found throughout the tropics [17]. Ikewuchi et 
al. [18] investigated the hypotensive activity of the 
leaves. However, the mechanical and biochemical impact 
of this hypotensive activity is yet to be clearly unders-
tood. Consequent upon this, the present study undertook 
the investigation of the effect of aqueous extract of the 
leaves on the body weight, organ sizes, lipid profiles and 
atherogenic indices of normal and sub-chronic salt-load- 
ed Wistar rats. 

2. Materials and Methods 
2.1. Plant Collection and Preparation of Extract 
Samples of Chromolaena odorata plants (Figure 1) were 
collected from within the Abuja campus of the Universi-
ty of Port Harcourt, Nigeria. Their identity was con-
firmed by Dr Michael C. Dike of Taxonomy Unit, De-
partment of Forestry and Environmental Management, 
Michael Okpara University of Agriculture, Umudike, 
Abia State; and Mr John Ibe, the Herbarium Manager of 
the Forestry Department, National Root Crops Research 
Institute, Umuahia. The leaves were removed, cleaned of 
soil, oven dried at 55˚C and ground into powder. A 
known weight (400 g) of the powder was soaked in 1.5 L 
of boiled, hot distilled water for 12 h, after which the 
resultant mixture was filtered through cotton wool, and 
the filtrate (aqueous extract) was stored in the refrigerator 

 
Figure 1. Chromolaena odorata. 

 
for subsequent use. A known volume (600 mL) of this 
extract was evaporated to dryness, and the weight of the 
residue used to determine its concentration, which was in 
turn used to compute the dose of administration of the 
extract. The resultant residue of the crude aqueous ex-
tract was used for the phytochemical study. 

2.2. Determination of Phytochemical Profile 
2.2.1. General Experimental Procedures 
Gas chromatography was carried out at Multi Environ-
mental Management Consultants Limited, Igbe Road, 
Ikorodu, Lagos, with a Hewlett Packard HP 6890, gas 
chromatograph, fitted with flame ionization detector, 
powered with HP Chemstation Rev. A 09.01 (1206) 
software, to identify and quantify compounds. Standard 
solutions were prepared in methanol for alkaloids, al-
licins and benzoic acid derivatives; acetone for lignans; 
methylene chloride for terpenes; ethanol for glycosides 
and saponins. The linearity of the dependence of re-
sponse on concentration was verified by regression 
analysis. Identification was based on comparison of re-
tention times and spectral data with standards. Quantifi-
cation was performed by establishing calibration curves 
for each compound determined, using the standards. 

2.2.2. Assay of Glycosides’ Profile 
They were extracted as reported by Oluwaniyi and 
Ibiyemi [19]. The extract was subjected to gas chroma-
tography on a capillary DB-225MS column (30 m × 0.25 
mm × 0.25 μm film thickness). The inlet and detection 
temperatures were 250˚C and 320˚C. Split injection (split 
ratio of 20:1) was adopted. The carrier gas was nitrogen. 
The hydrogen and compressed air pressures were 1.97 
and 2.81 kg/cm2. The oven was programmed initially at 
60˚C for 5 min, ramped at 12˚C/min for 18 min, before 
ramping again at 15˚C/min for 5 min. 
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2.2.3. Assay of Saponins’ Profile 
The extraction was carried out as reported by Guo et al. 
[20]. The extract was subjected to gas chromatography 
on a capillary DB-225MS column (30 m × 0.25 mm × 
0.25 μm film thickness). The inlet and detection temper-
atures were 250˚C and 320˚C. Split injection (split ratio 
of 20:1) was adopted. The carrier gas was nitrogen. The 
hydrogen and compressed air pressures were 1.97 and 
2.81 kg/cm2. The oven was programmed initially at 60˚C 
for 5 min, ramped at 12˚C/min for 18 min, before ramp-
ing again at 15˚C/min for 5 min. 

2.2.4. Assay of Allicins’ Profile 
The extraction was carried out as reported by Roy et al. 
[21]. The extract was subjected to gas chromatography 
on a capillary DB-5MS column (30 m × 0.32 mm × 0.25 
μm film thickness). Injector and detector temperatures 
were 220˚C and 250˚C. Split injection (split ratio of 20:1) 
was adopted. The carrier gas was helium, at a flow rate 
of 1.0 mL/min. The hydrogen and compressed air pres-
sures were 1.55 and 1.97 kg/cm2. The column was held 
initially at 110˚C for 2 min and then increased at 5˚C/min 
up to 280˚C. 

2.2.5. Assay of Alkaloids’ Profile 
The extraction was carried out as reported by Tram et al. 
[22], and the resulting extract was subjected to gas 
chromatography on a capillary DB-5MS column (30 m × 
0.25 mm × 0.25 μm film thickness). The inlet and detec-
tion temperatures were 250˚C and 320˚C. Split injection 
(split ratio of 20:1) was adopted. The carrier gas was 
nitrogen. The hydrogen and compressed air pressures 
were 1.97 and 2.67 kg/cm2. The oven was programmed 
initially at 60˚C for 5 min, ramped at 10˚C/min for 20 
min, before ramping again at 15˚C/min for 4 min. 

2.2.6. Assay of Terpenes’ Profile 
The extraction was carried out as reported by Ortan et al. 
[23]. The extract was subjected to gas chromatography 
on a capillary HP 5MS Column (30 m × 0.25 mm × 0.25 
μm film thickness). The inlet and detection temperatures 
were 150˚C and 300˚C. Split injection (split ratio of 20:1) 
was adopted. The carrier gas was hydrogen, at a flow rate 
of 1.0 mL/min. The hydrogen and compressed air pres-
sures were 1.55 and 1.97 kg/cm2. The oven was pro-
grammed initially at 40˚C, ramped at 5˚C/min to 200˚C, 
and ran at 200˚C for 2 min.  

2.2.7. Assay of Benzoic Acid Derivatives’ Profile 
The extraction was carried out as reported by Ndoumou 
et al. [24]. The extract was subjected to gas chromato-
graphy on a capillary HP 1 column (30 m × 0.25 mm × 
0.25 μm film thickness). The inlet and detection temper-

atures were 250˚C and 320˚C. Split injection (split ratio 
of 20:1) was adopted. The carrier gas was nitrogen, at a 
pressure of 2.11 kg/cm2. The hydrogen and compressed 
air pressures were 1.97 and 2.25 kg/cm2. The oven was 
programmed initially at 60˚C for 5 min, ramped at 
15˚C/min for 15 min, maintained for 1 min, before 
ramping again at 10˚C/min for 4 min. 

2.2.8. Assay of Lignans’ Profile  
The extraction was carried out as reported by Chapman 
et al. [25]. The extract was subjected to gas chromato- 
graphy on a ZP-5 column (30 m × 0.32 mm × 0.25 μm 
film thickness). One microliter of sample was injected. 
The initial oven temperature was 40˚C, the injector and 
transfer line temperatures were 250˚C and 280˚C. A sol-
vent delay of 2.00 min was followed by ramping at 
10˚C/min to a final temperature of 230˚C and held for 
1.00 min. 

2.3. Bioassay 
2.3.1. Experimental Design for the Bioassay 
Wistar albino rats (180 - 210 g at the start of the study) 
were collected from the animal house of the Department 
of Physiology, University of Nigeria, Enugu Campus. 
Studies were conducted in compliance with applicable 
laws and regulations for handling experimental animals. 
The rats were weighed and sorted into seven groups 
(Table 1) of five animals each, so that their average 
weights were approximately equal. The animals were 
housed in plastic cages. After a 1-week acclimatization 
period on guinea growers mash (Port Harcourt Flour Mills, 
Port Harcourt, Nigeria), they were weighed, and the ex-
periment was commenced. Hypertension was induced by 
giving 8% salt-loaded feed for six weeks, to the appro-
priate rats. The 8% salt-loaded regimen was adopted from 
Ikewuchi et al. [18] and Obiefuna et al. [26]. At the end  
 

Table 1. Experimental design for the salt-loading. 

S/N ID Treatment 

1 Normal Normal feed and water 

2 Test control 8% salt-loaded feed and water 

3 Reference  8% salt-loaded feed and moduretic 
(0.1 mg/kg body weight) 

4 Treatment I  8% salt-loaded feed and extract 
(100 mg/kg body weight) 

5 Treatment II  8% salt-loaded feed and extract 
(200 mg/kg body weight) 

6 Treatment control I Normal feed and extract 
(100 mg/kg body weight) 

7 Treatment control II Normal feed and extract 
(200 mg/kg body weight) 
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of six weeks, they were again weighed, before com-
mencing the administration of the extract. The Mod-
itenTM (amyloride hydrochloride-hydrochlorothiazide; 
product of Greenfield Pharmaceutical Co. Ltd., Jiang Su 
Province, China) and the extract were administered daily 
by intra-gastric gavages, for ten days. The dosage of ad-
ministration of the extract was adopted from Ikewuchi et 
al. [18]. The animals were allowed food and water ad 
libitum. At the end of the treatment period, the rats were 
weighed, fasted overnight and anesthetized by exposure 
to chloroform. While under anesthesia, they were pain-
lessly sacrificed and blood was collected from each rat 
into heparin sample bottles. Then their hearts, kidneys, 
liver and lungs were removed and their sizes immediate-
ly determined. The heparin anti-coagulated blood sam-
ples were centrifuged at 3000 rpm for 10 min, after 
which their plasma was collected and stored for subse-
quent analysis. 

2.3.2. Determination of Organ Sizes 
The sizes of lungs, kidney, heart and liver were deter-
mined by water displacement method, using eureka can. 
They were individually placed in the can, and the volume 
of water displaced was recorded as the size of the cor-
responding organ. 

2.3.3. Determination of the Plasma Lipid Profile and 
Atherogenic Indices 

Plasma triglyceride, total and high density lipoprotein 
cholesterol concentrations were assayed enzymatically 
with commercial test kits (Randox Laboratories Ltd., 
Crumlin, England). The concentration of the resultant 
quinoneimine (indicator), was determined at 546 nm (for 
triglyceride) and 540 nm (for total and high density lipo-
protein cholesterol), using a spectrophotometer [Model 
752S (Spectrumlab)]. 

Plasma very low density lipoprotein (VLDL)- and 
LDL-cholesterol were calculated using the Friedewald 
equation [27] as follows: 

[ ]( )
[ ] [ ]
[ ]

1) LDL cholesterol mmol L

Total cholesterol HDL cholesterol

Triglyceride
2.2

= −

−

 

[ ]( ) [ ]Triglyceride
2) VLDL cholesterol mmol L

2.2
=  

Plasma nonHDL cholesterol content was computed as 
reported by Brunzell et al. [28]: 

[ ]
[ ] [ ]

NonHDL cholesterol

Total cholesterol HDL cholesterol= −
 

Atherogenic indices were computed with the following 
formulae [29]: 

[ ]
[ ]
Total cholesterol

1) Cardiac risk ratio
HDL cholesterol

=  

[ ] [ ]
[ ]

2) Atherogenic coefficient
Total cholesterol HDL cholesterol

HDL cholesterol
−

=
 

[ ]
[ ]

3) Atherogenic index of plasma
Triglyceride

log
HDL cholesterol

=
 

2.4. Statistical Analysis of Data 
All values were reported as mean ± standard deviation 
(s.d.). The values of the variables were analyzed for sta-
tistically significant differences using the Student’s t-test, 
with the help of SPSS Statistics 17.0 package (SPSS Inc., 
Chicago Ill). P < 0.05 was assumed to be significant. 
Graphs were drawn using Microsoft Office Excel, 2010 
software. 

3. Results 
3.1. Phytochemical Profile 
Figures 2-5 show the chromatograms of the glycosides, 
saponins, allicins and alkaloids fractions of aqueous ex-
tract of leaves of Chromolaena odorata. Two known 
glycosides were detected, consisting of 99.98% arbutin 
and 0.02% salicin. Four known saponins were detected, 
consisting of 54.88% avenacin B-1, 45.07% avenacin 
A-1, 0.03% avenacin B-2 and 0.02% avenacin A-2. 
Three known allicins were detected, consisting of 90.78% 
diallyl thiosulphinate, 7.59% methylallyl thiosulphinate 
and 1.63% allyl methyl thiosulphinate. Thirty one known 
alkaloids were detected consisting of 64.74% lupanine, 
18.60% augustamine, 5.21% augustifoline, 0.13% crina-
midine, 0.06% caffeine, 0.03% indicine-N-oxide, 0.03% 
sparteine, 0.03% ellipcine, 0.02% ambelline, 0.02% 
theophylline, 0.02% cinchonine, 0.02% crinane-3α-ol 
and 0.01% oxoassoamine. 

Figures 6-8 show the chromatograms of the terpenes, 
benzoic acid derivatives and lignans fractions of aqueous 
extract of leaves of Chromolaena odorata. Twenty four 
terpenes were detected, consisting of 63.76% limonene, 
6.52% geranyl acetate, 5.94% camphor, 4.39% 1,8- cine-
ole, 3.04% terpinen-4-ol, 2.22% borneol acetate, 1.54% 
neral, 1.35% borneol, 1.20% β-pinene, 1.06% neryl ace-
tate, 0.90% sabinene, 0.83% citronellol, 0.77% lupeol, 
0.75% taraxeron, 0.75% β-amyrin, 0.74% α-pinene, 0.72% 
α-amyrin, 0.68% α-thujene, 0.63% α-terpineol, 0.57% 
allo ocimene, 0.55% camphene, 0.48% myrcene, 0.45% 
nerol (geraniol) and 0.16% cis ocimene. Nine benzoic    
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Figure 2. Chromatogram of the glycosides fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 3. Chromatogram of the saponins fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 4. Chromatogram of the allicins fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 5. Chromatogram of the alkaloids fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 6. Chromatogram of the terpenes fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 7. Chromatogram of the benzoic acid derivatives fraction of the aqueous extract of the leaves of Chromolaena odorata. 
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Figure 8. Chromatogram of the lignans fraction of the aqueous extract of the leaves of Chromolaena odorata. 

 
acid derivatives were detected, consisting of 49.88% fe-
rulic acid, 38.60% vanillic acid, 5.01% gallic acid, 4.08% 
4-hydroxybenzoic acid, 0.83% 4-hydroxybenzaldehyde, 
0.83% capsaicin, 0.76% rosmarinic acid. Seven lignans 
were detected consisting of 88.86% retusin, 6.22% (9E, 
12E, 15E)-9, 12, 15-octadecatrien-1-ol, 2.02% 2-allyl-5- 
ethoxy4-methoxyphenol, 1.67% dehydroabietic acid, 0.84% 
apigenin-4’,7-dimethyl ether, 0.36% galgravin and 0.05% 
sakuranin. 

3.2. Effect on Body Weight and Organ Sizes 

The effect of aqueous extract of leaves of Chromolaena 
odorata on mean daily weight gain of normal and 
sub-chronic salt-loaded rats is given in Figure 9. The 
mean daily weight gain of the test control group was not 
significantly different from those of the other groups. 
Compared to the corresponding values before treatment, 
the reference was significantly higher (P < 0.05), treat-
ment control 2 was significantly lower (P < 0.05), while 
the others were not significantly different. The effect of 
aqueous extract of leaves of Chromolaena odorata on 
organ sizes of normal and sub-chronic salt-loaded rats is 
given in Figure 10. The liver size of the test control 
group was significantly lower (P < 0.05) than those of the 
normal and reference, and significantly higher (P < 0.05) 
than that of treatment control 2, but not significantly dif-
ferent from those of treatment 1, treatment 2 and treat-
ment control 1. The kidney size of the test control group 
was significantly higher (P < 0.05) than those of refer-
ence and treatment control 2, but not significantly dif-
ferent from those of normal, treatment 1, treatment 2 and 
treatment control 1. The heart size of the test control 
group was significantly higher (P < 0.05) than those of 
the other groups. The lung size of the test control group 
was not significantly different from those of the other 
groups. 

3.3. Effect on Plasma Lipid Profile and Indices 
The effect of aqueous extract of the leaves of Chromo-

laena odorata on the plasma lipid profiles of normal and 
sub-chronic salt-loaded rats is present in Figure 11. The 
plasma triglyceride, total-, VLDL-, LDL- and non-HDL 
cholesterol levels of the test control group were signifi-
cantly (P < 0.05) higher than those of the other groups. 
The plasma HDL cholesterol level of the test control 
group was significantly (P < 0.05) lower than those of the 
other groups. Figure 12 shows the effect of aqueous ex-
tract of leaves of Chromolaena odorata on the athero-
genic indices of normal and sub-chronic salt-loaded rats. 
The atherogenic indices (cardiac risk ratio, atherogenic 
coefficient and atherogenic index of plasma) of the test 
control group were significantly (P < 0.05) higher than 
those of the other groups. 

4. Discussion 
There is a direct relationship between the regression of 
left ventricular hypertrophy and a decreased risk of mor-
tality [12]. Therefore, regression of cardiomegaly (left 
ventricular hypertrophy) or reversal of cardiac organ 
damage appears to be a primary goal in antihypertensive 
treatment [30,31]. In this study, the extract protected the 
treated animals against salt-loading induced increases in 
heart sizes. This may be one of the bases of its antihy-
pertensive action, and is an indication of the cardio-pro- 
tective potential of the extract. 

Evidences from studies suggest that hypercholestero-
lemia contributes to the progression of hypertension 
through a number of possible mechanisms such as: low 
nitric oxide bioavailability, enhanced activity of the re-
nin-angiotensin-aldosterone system, enhanced endothelin 
levels and receptor expression, endothelial dysfunction, 
salt sensitivity (which is aggravated by endothelial dys-
function), the secretion of vasoconstrictive molecules and 
an enrichment of cholesterol in cellular membranes, all 
of which reduce membrane fluidity and ion channel 
transporter activity [32]. Therefore, cholesterol lowering 
is a therapy that may potentially target arterial stiffness, 
and thus blood pressure, through effects on endothelial 
function and arterial wall composition [33]. In this study,   
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Figure 9. Effect of aqueous extract of the leaves of Chromolaena odorata on the mean daily weight gain of normal and 
sub-chronic salt-loaded rats. Values are mean ± s.d., n = 5, per group. *P < 0.05 compared to the corresponding values before 
treatment. 

 

 

Figure 10. Effect of aqueous extract of the leaves of Chromolaena odorata on the organ sizes of normal and sub-chronic salt- 
loaded rats. Values are mean ± s.d., n = 5, per group. a,b,cP < 0.05 compared to corresponding test control in the same block of 
columns. 
 
the extract produced significantly lower plasma total 
cholesterol levels in the treated rats. This again, may be 
cardio-protective, since reduction in plasma total choles-
terol levels have been reported to reduce the risk of car-
diovascular disease [34]. This cholesterol lowering effect 
of the extract may have been mediated by its content of 
allicins, lignans and saponins [35-37], all of whom are 
known to have cholesterol lowering and atheroprotective 
activity. Thus, anyone or a combination of the above 
mentioned components could have been responsible for 
the hypocholesterolemic effect of the extract. 

Studies have shown that reductions in plasma LDL 
and VLDL cholesterol reduce the risk of cardiovascular 
disease [38]. Therefore, the significantly lower plasma 
LDL and VLDL cholesterol levels observed in the ani-

mals given the extract is another indication of its likely 
cardio-protective potential. This effect may have been 
due to the presence of lignans [39] and saponins [36], 
both of whom are known to reduce plasma LDL choles-
terol. 

The significantly lower plasma non-HDL cholesterol 
levels observed in the treated groups further underscores 
the ability of the extract to reduce cardiovascular risk. 
Recent evidence indicates that non-HDL cholesterol can 
better translate the risk of cardiovascular mortality than 
LDL-cholesterol [28], as it expresses more accurately the 
lipoprotein atherogenicity [40]. It reflects the total con-
centration of atherogenic particles, and is closely related 
to particle number [41]. 

The high plasma HDL cholesterol level, recorded for      
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Figure 11. Effect of aqueous extract of the leaves of Chromolaena odorata on the plasma lipid profile of normal and sub- 
chronic salt-loaded rats. HDL: high density lipoprotein; VLDL: very low density lipoprotein; LDL: low density lipoprotein. 
Values are mean ± s.d., n = 5, per group. a,b,cP < 0.05 compared to corresponding test control in the same block of columns. 

 

 

Figure 12. Effect of aqueous extract of the leaves of Chromolaena odorata on the atherogenic indices of normal and sub- 
chronic salt-loaded rats. Values are mean ± s.d., n = 5, per group. a,b,cP < 0.05 compared to corresponding test control in the 
same block of columns.    
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the treated groups, is indicative of the cardio-protective 
propensity of the extract. This is because increases in 
plasma HDL cholesterol is considered to reduce the risk 
of cardiovascular disease [42], probably via promotion of 
reverse cholesterol transport [43]; and inhibition of the 
oxidation of LDL, as well as the atherogenic effects of 
oxidized LDL by virtue of its antioxidant [44] and an-
ti-inflammatory [45] properties. The elevation of plasma 
HDL cholesterol may have been mediated by lignans 
present in the extract [46]. 

The extract produced significantly lower plasma trig-
lycerides levels in the treated rats. This suggests a likely 
cardio-protective potential of the extract, since reductions 
in plasma triglyceride levels have been reported to re-
duce cardiovascular risk [47]. This hypotriglyceridemic 
effect may have been produced by the lignans present in 
the extract [39].  

In this study, the extract lowered all the atherogenic 
indices. This is also another indication of it cardio-pro- 
tective propensity, since atherogenic indices are powerful 
predictors of positive findings in heart disease [48]. In 
fact, changes in these ratios have been shown to be better 
indicators of successful coronary heart disease risk re-
duction than changes in absolute levels of lipids or lipo-
proteins [40]. Reports have it that low atherogenic indic-
es are protective against coronary heart disease, and that 
the risk of developing cardiovascular complications in-
creases with the magnitude of the atherogenic index, and 
vice versa [49]. 

5. Conclusion 
These results indicate a possible protective mechanism of 
the extract against hypertension induced cardiomegaly and 
dyslipidemia, thus suggesting that this may underlie its 
antihypertensive action. The therapeutic implication of 
this result to the management of hypertension cannot be 
overemphasized, especially in view of the reports that some 
commonly used antihypertensive drugs accentuate hyper- 
lipidemia and have little or no effect on cardiomegaly. 
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