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ABSTRACT

The effects of an aqueous extract of the leaves of Sansevieria senegambica on daily weight
gain, lipid profile and atherogenic indices of rats fed egg yolk supplemented diet was studied.
The control group was given normal feed while the other three groups received 50 g egg
yolk/kg feed. The extract was orally administered daily at 150 and 200 mg/kg body weight;
while the test control and control groups received appropriate volumes of water by the same
route. On gas chromatographic analysis of the aqueous crude extract, the phytosterol and tan-
nins fractions contained 100 % of B-sitosterol and tannic acid respectively. The mean daily
weight gain of the test control group was higher though not significantly, than those of the
other groups. The plasma total cholesterol levels, cardiac risk ratio and atherogenic coefficient
of the test control group was significantly higher (P<0.05) than those of the test groups, but
not significantly higher than that of the control group. The plasma low density lipoprotein and
non-high density lipoprotein cholesterol levels of the test control group was significantly
higher (P<0.05) than those of the control and test groups. The plasma high density lipoprotein
cholesterol of the test control group was significantly lower (P<0.05) than that of the control
group, but not significantly lower than those of the test groups. There were no significant dif-
ferences in the plasma triglyceride and very low density lipoprotein cholesterol levels, and the
atherogenic index of plasma of all the groups. These results indicate a dose-dependent hypo-
cholesterolemic effect of the extract, thus suggesting a likely protective role of the extract
against the development of cardiovascular diseases. It also revealed the presence of pharma-
cologically active agents in the leaves.

Keywords: Atherogenic indices, lipid profile, Sansevieria senegambica, B-sitosterol, tannic
acid

INTRODUCTION (Martirosyan et al., 2007). It is known that
cholesterol is an indicator of increased risk
of heart attack, stroke, etc. (Yusuf et al.,
2001). A consistent body of evidence from
large clinical trials has established beyond
doubt that lipid lowering can reduce the in-
cidence of coronary events and stroke in a

Cardiovascular disease is the leading
cause of death in the world (Thomas, 2007).
Development and progression of cardiovas-
cular disease is linked to the presence of
risk factors such as hyperlipidemia, hyper-
tension, obesity, and diabetes mellitus
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broad spectrum of individuals (Libby,
2001). Therefore, any nutritional and phar-
macologic intervention that improves or
normalizes abnormal lipid metabolism may
be useful for reducing the risk of cardiovas-
cular diseases (Zicha et al., 1999; Shen,
2007). Several drugs are at present, availa-
ble for the management of dyslipidemia.
However, there is renewed interest in the
use of herbal products.

Sansevieria senegambica Baker (Family
Agavaceae or Ruscaceae) is an ornamental
plant (United States Department of Agricul-
ture, 2008) used in traditional health prac-
tice in southern Nigeria for treating bron-
chitis, inflammation, coughs, boils and hy-
pertension. It is also used in arresting the
effects of snake bites, as well as in com-
pounding solutions used as hair tonics. The
anti-diabetic (Ikewuchi, 2010) and weight
reducing (Ikewuchi et al., 2011a) effects, as
well as the ability of the aqueous extract of
the leaves to moderate plasma electrolytes
(Ayalogu et al., 2011), have been reported.
Gas chromatographic analysis of the leaves
revealed the presence of alkaloids, allicins,
glycosides and saponins (Ikewuchi et al.,
2011b). The present study investigated the
effect of aqueous extract of the leaves on
weight, plasma lipid profile and atherogenic
indices in rats fed egg yolk supplemented
diet, with a view to unveiling any likely
cardioprotective potential.

MATERIALS AND METHODS

Preparation of plant extract

Samples of fresh Sansevieria senegam-
bica plants (Figure 1) were procured from a
horticultural garden at the University of
Port Harcourt’s Abuja campus, and from
behind the Ofrima complex, University of
Port Harcourt, in Port Harcourt, Nigeria.
After due identification at the University of
Port Harcourt Herbarium, Port Harcourt,
Nigeria, the identity was confirmed authen-
ticated by Dr. Michael C. Dike of Taxono-
my Unit, Department of Forestry and Envi-
ronmental Management, Michael Okpara
University of Agriculture, Umudike, Abia
State, Nigeria; and Mr. John Ibe, the Her-

barium Manager of the Forestry Depart-
ment, National Root Crops Research Insti-
tute (NRCRI), Umuahia, Nigeria. The
plants were cleaned of soil and the leaves
were removed, oven dried at 55°C and
ground into a powder. The resultant powder
was soaked in hot, boiled distilled water for
12 h, after which the resultant mixture was
filtered and the filtrate was stored in a re-
frigerator for subsequent use. A known vol-
ume of this extract was evaporated to dry-
ness, and the weight of the residue used to
determine the concentration of the filtrate,
which was in turn used to determine the
dose for administration of the extract to the
test animals. The resultant residue was used
for the phytochemical study, to determine
its phytosterol and tannin compositions.
The percentage recovery of the crude aque-
ous extract was 26.40%

Determination of the phytochemical con-
tent of the crude aqueous leaf extract

Calibration, identification and quantifica-
tion

Standard solutions were prepared in metha-
nol for tannins and methylene chloride for
phytosterols. The linearity of the depend-
ence of response on concentration was veri-
fied by regression analysis. Identification
was based on comparison of retention times
and spectral data with standards. Quantifi-
cation was performed by establishing cali-
bration curves for each compound deter-
mined, using the standards. Samples chro-
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matograms of the extract are shown in Fig-

ures 2-5.
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Figure 2: Chromatogram of the tannin composition of the aqueous extract of Sansevieria senegambi-
ca leaves
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Figure 3: Chromatogram of the tannin standard
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Figure 4. Chromatogram of the phytosterol composition of the aqueous extract of Sansevieria sene-
gambica leaves
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Figure 5: Chromatogram of the phytosterol standard mixture

Determination of phytosterol composition

Extraction of oil was carried out accord-
ing to AOAC method 999.02 (AOAC Inter-
national, 2002), while the analysis of sterols
was carried out according to AOAC method
994.10 (AOAC International, 2000). This
involved extraction of the lipid fraction
from homogenized sample material, fol-
lowed by alkaline hydrolysis (saponifica-
tion), extraction of the non-saponifiables,
clean-up of the extract, derivatisation of the
sterols, and separation and quantification of
the sterol derivatives by gas chromato-
graphy (GC) using a capillary column.
Chromatographic analyses were carried out
on an HP 6890 (Hewlett Packard, Wilming-
ton, DE, USA), GC apparatus, fitted with a
flame ionization detector (FID), and pow-
ered with HP Chemstation Rev. A 09.01
(1206) software, to quantify and identify
compounds. The column was HP
INNOWax Column (30 m X% 0.25 mm X
0.25 pm film thickness). The inlet and de-
tection temperatures were 250 and 320 °C.
Split injection was adopted with a split ratio
of 20:1. Nitrogen was used as the carrier
gas. The hydrogen and compressed air pres-
sures were 22 psi and 35 psi. The oven was
programmed as follows: initial temperature
at 60 °C, first ramping at 10 °C/min for
20 min, maintained for 4 min, followed by
a second ramping at 15 °C/min for 4 min,
maintained for 10 min.

Determination of tannin composition
Extraction was carried out according to
the method of Luthar (1992). The tannin
fraction of the crude aqueous extract above
was extracted with methanol and subjected
to gas chromatographic analysis. Chroma-
tographic analyses were carried out on an
HP 6890 (Hewlett Packard, Wilmington,
DE, USA), GC apparatus, fitted with a
flame ionization detector (FID), and pow-
ered with HP Chemstation Rev. A 09.01
(1206) software, to quantify and identify
compounds. The column was HP 5 Column
(30 m x 0.25 mm x 0.25 pm film thick-
ness). The inlet and detection temperatures
were 250 and 320 °C. Split injection was
adopted with a split ratio of 20:1. Nitrogen
was used as the carrier gas. The hydrogen
and compressed air pressures were 28 psi
and 40 psi. The oven was programmed as
follows: initial temperature at 120 °C, fol-
lowed by ramping at 10 °C/min for 20 min.

Experimental design for the egg yolk sup-
plementation

Male Wistar albino rats (weighing
190 g-205 g at the start of the study) were
obtained from the animal house of the De-
partment of Physiology, University of Ni-
geria, Enugu Campus. All the experiments
were conducted in accordance with the in-
ternationally accepted principles for labora-
tory animal use and care as found in the Eu-
ropean Community Guidelines (EEC Di-
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rective of 1986; 86/609/EEC). The rats
were sorted into four groups of five animals
each, so that the average weight difference
was < 1.5 g. The animals were housed in
plastic cages in the animal house of the De-
partment of Biochemistry, University of
Port Harcourt. After a one-week acclimati-
zation period on guinea growers mash (Port
Harcourt Flour Mills, Port Harcourt, Nige-
ria), the treatment commenced and lasted
for two weeks. The control group was given
normal feed while the three test groups re-
ceived 50 g egg yolk/kg feed. Test group 1
(SS1) received 150 mg/kg and test group 2
(SS2) received 200 mg/kg body weight of
the Sansevieria senegambica leaf extract
daily by intra-gastric gavage. The test con-
trol, reference treatment (reference) and
control groups received equivalent volumes
of water by the same route. The dosage of
administration of the extract was adapted
from Tkewuchi (2010) and Ayalogu et al.
(2011), while the two weeks egg yolk sup-
plementation is a modification of the two
week 5% loading reported by Agbafor and
Akubugwo (2007). The animals were al-
lowed food and water ad libitum. At the end
of the treatment period the rats were
weighed, fasted overnight and anaesthetized
by exposure to chloroform. While under
anesthesia, they were painlessly sacrificed
and blood was collected from each rat into
heparin sample bottles. Whole blood was
immediately used to determine the triglyc-
eride levels, using multiCarein™ test strips
and glucometer (Biochemical Systems In-
ternational, Arezzo, Italy). The heparin an-
ti-coagulated blood samples were centri-
fuged at 1000 g for 10 min, after which
their plasma was collected and stored for
subsequent analysis.

Determination of the plasma lipid pro-
files/atherogenic indices

Plasma triglyceride concentration was
determined using multiCarein™ triglycer-
ide strips and glucometer (Biochemical
Systems International, Arezzo, Italy). Plas-
ma total and high density lipoprotein cho-
lesterol (TC and HDLC) concentrations
were assayed enzymatically with Randox

commercial test kits (Randox Laboratories
Ltd., Crumlin, England, UK). Plasma low
density (LDL) and very low density lipo-
protein (VLDL) cholesterol concentrations
were calculated using the Friedewald equa-
tion (Friedewald et al., 1972) as follows:

[LDL cholesterol](mmol/L) =

Triglyceride
[Total cholesterol] — [HDL cholesterol] — M

2.2
(Eqn 1)

(Triglyceride)

[VLDL cholesterol](mmol/L) = 22

(Eqn 2)

while the plasma non-HDL cholesterol con-
centration was determined as reported by
Brunzell et al. (2008):

[Non — HDL cholesterol]
= [Total cholesterol] - [HDL cholesterol]
(Eqn 3)

The atherogenic indices were calculated as
earlier reported by Ikewuchi and Ikewuchi
(2009a, b), using the following formulae:

(Total cholesterol)

Cardiac Risk Ratio (CRR) = m

(Eqn 4)

Atherogenic Coef ficient (AC)
_ [Total cholestrol] — (HDL cholesterol)
- (HDL cholesterol)
(Eqn 5)

(Trigylceride)
(HDL cholesterol)

(Eqn 6)

Atherogenic Index of Plasma (AIP) = log

Statistical analysis of data

All values are reported as the mean +
standard deviation. The values of the varia-
bles were analyzed for statistically signifi-
cant differences using the Student’s t-test,
with the help of SPSS Statistics 17.0 pack-
age (SPSS Inc., Chicago IllI). P<0.05 was
assumed to be significant. Graphs were
drawn using Microsoft Office Excel, 2010
software.
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RESULTS

Table 1 shows the phytosterol and tan-
nin composition of the aqueous extract of
the leaves of Sansevieria senegambica. The
sterol extract consisted 100 % of sitosterol,
while the tannin extract consisted 100 % of
tannic acid.

Table 1: Phytosterol and tannin composition of
the aqueous extract of Sansevieria senegambi-
ca leaves

Compounds Retention Composition
time (min) (mag/kg)
Sterols
Cholesterol 20.599 0.00
Cholestanol 21.389 0.00
Ergosterol 22.331 0.00
Campesterol 22.991 0.00
Stigmasterol 23.302 0.00
5-Avenasterol 24.206 0.00
Sitosterol 24.751 359.54
Total - 359.54
Tannins
Tannic acid 19.177 9756.79

The effect of an aqueous extract of the
leaves of Sansevieria senegambica on the
daily weight gain of rats fed egg yolk sup-

I
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Mean daily weight gain (g/day)

o

Test control

plemented diet is shown in Figure 6. The
mean daily weight gain of the test control
group was higher though not significantly,
than those of the other groups.

Table 2 shows the effects of an aqueous
extract of the leaves of Sansevieria sene-
gambica on the plasma lipid profiles of rats
fed egg yolk supplemented diet. There were
no significant differences in the plasma tri-
glyceride and very low density lipoprotein
cholesterol concentrations of all the groups.
The plasma total cholesterol levels of the
test control group was significantly lower
(P<0.05) than that of SS1, but not signifi-
cantly lower than those of the control and
SS group. The plasma high density lipopro-
tein cholesterol levels of the test groups
were higher (though not significantly) than
that of the test control group, but signifi-
cantly (P<0.05) lower than the control. The
plasma low density lipoprotein and non-
high density lipoprotein cholesterol levels
of the test control group was significantly
higher (P<0.05) than that of SS1, but not
significantly higher than those of the con-
trol and SS2 group.

Treatment groups

Figure 6: Effect of an aqueous extract of the leaves of Sansevieria senegambica on daily weight gain

of rats fed egg yolk supplemented diet
Values are mean + SD, n=5, per group

values with the same superscripts were not significantly different at P<0.05.
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Table 2: Effect of an aqueous extract of the leaves of Sansevieria senegambica on the plasma lipid
profiles of rats fed egg yolk supplemented diet

Parameter Concentration (mmol/L)
Control Test control SS1 SS2

Triglyceride 1.28+0.49* 1.28+0.22% 1.29+0.57° 1.56+0.91°
Total cholesterol 15.19+1.96* 17.69+4.71% 9.42+1.57° 15.13+2.31%
High density lipoprotein cholesterol 5.12+0.99% 2.01+0.87° 2.72+0.74° 2.28+1.00°
Very low density lipoprotein cholesterol 0.58+0.22° 0.58+0.10% 0.59+0.26° 0.71+0.41%
Low density lipoprotein cholesterol 9.48+3.05" 15.09+5.33" 6.12+2.08° 12.14+2.95°
Non-high density lipoprotein cholesterol 10.06+2.96" 15.68+5.35" 6.70+2.01° 12.85+2.86"

Values are mean + SD, n=5, per group
2byalues in the same row with the different superscripts are significantly different at P<0.05

Table 3: Effect of an aqueous extract of the leaves of Sansevieria senegambica on atherogenic indi-
ces of rats fed egg yolk supplemented diet

Index Magnitude

Control Test control SS1 SS2
Cardiac risk ratio 3.11+0.96  13.53+3.97° 3.71+1.22% 7.74+3.65™°
Atherogenic coefficient 2.11+0.96%  12.53+3.97° 2.71+1.22% 6.74+3.65*"
Atherogenic index of plasma -0.62+0.13°  -0.14+0.34°  -0.34+0.25° -0.20+0.29%°

Values are mean + SD, n=5, per group
2byalues in the same row with the different superscripts are significantly different at P<0.05.

The effect of an aqueous extract of the fies its cardioprotective potential. This low-
leaves of Sansevieria senegambica on ath- er mean daily weight gain observed in the
erogenic indices of rats fed egg yolk sup- animals administered the extract, may be
plemented diet is given in Table 3. The car- due to the diuretic effect of the leaves, pro-
diac risk ratio and atherogenic coefficient duced by the saponins present in them
of the test control group was significantly (Soetan, 2008).
higher (P<0.05) than that of SS1, but not The effects of the extract were dose de-
significantly higher than those of the con- pendent, with the 150 mg/kg dose being
trol and SS2 groups. The atherogenic index more effective (Tables 2 and 3).The extract
of plasma of the test control group was sig- produced low plasma total cholesterol lev-
nificantly higher (P<0.05) than the control, els in the treated rats. This may be cardio-
but not significantly higher than those of protective, since elevated plasma total cho-
the other groups. lesterol level is a recognized and well-

established risk factor for developing ather-
DISCUSSION osclerosis and other cardiovascular diseases

(Ademuyiwa et al., 2005).

Reduction in plasma low density lipo-
protein cholesterol concentration has been
considered to lower the risk of coronary
heart disease (Rang et al., 2005; Shen,
2007). In this study, a significantly lower
plasma low density lipoprotein cholesterol
level was produced by the extract, indicat-
ing its likely cardioprotective potential.

Studies have shown that weight reduc-
tion is one of the means of alleviating coro-
nary risk incidence, dyslipidemia, hyperten-
sion and obesity (Mertens and Van Gaal,
2000; Trussell et al., 2005; Krauss et al.,
2006), and is one of the strategies for in-
creasing low high density lipoprotein cho-
lesterol levels (Expert Panel on Detection,
Evaluation, and Treatment of High Blood . .
Cholesterol in Adults, 2002; Assr%aann and Many studies have shown that non-high

Gotto Jr, 2004). Therefore, the reduction in density lipoprotein cholesterol is a better
weight éain produced b ‘;he extract signi- predictor of cardiovascular disease risk than
Y is low density lipoprotein cholesterol (Shen,
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2007; Liu et al., 2005; Pischon et al., 2005).
Therefore, the significantly lower plasma
non high density lipoprotein cholesterol
levels observed in the test groups indicate
the ability of the extract, to reduce cardio-
vascular risk.

This cholesterol lowering effect of the
extract may be due to its content of f-
sitosterol and tannic acid (Table 1), which
are known to have cholesterol lowering and
atheroprotective activity (Dillard and Ger-
man , 2000; Piironen et al., 2000; Berger et
al., 2004; Basu et al.,2007). This hypocho-
lesterolemic activity of the extract may be
due to the presence of saponin in the leaves
(Ikewuchi et al., 2011b). Saponins are re-
ported to assist in the prevention of cardio-
vascular diseases (Topping et al., 1980) by
lowering plasma cholesterol concentrations
through the excretion of cholesterol directly
or indirectly as bile acids (Soetan, 2008;
European Food and Safety Authority, 2009;
Ceyhun Sezgin and Artik, 2010). Thus, an-
yone or a combination of some or all of the
above mentioned components could have
been responsible for the hypocholesterol-
emic effect of the extract, observed in this
study.

The atherogenic indices are strong indi-
cators of the risk of heart disease. The risk
of developing cardiovascular disease in-
creases with increases in the values of these
indices, and vice versa (Martirosyan et al.,
2007; Brehm et al., 2004; Dobiasova, 2004;
Usoro et al., 2006). Therefore, low athero-
genic indices are protective against coro-
nary heart disease (Usoro et al., 2006). In
this study, the extract produced significant-
ly lower cardiac risk ratio and atherogenic
coefficient.

CONCLUSION

These results indicate a dose dependent
hypocholesterolemic effect of the extract,
thus suggesting a likely protective role of
the extract against dyslipidemia and the de-
velopment of cardiovascular diseases. It
also revealed the presence of bioactive
agents in the extract.
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