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Abstract: The protective effect Tulbaghia violacea rhizomes (TVR) against derangements
in serum lipid profile, tissue antioxidant enzyme depletion, endothelium dysfunction and
histopathological changes in the aorta and liver of rats fed with an atherosclerogenic (Ath)
diet (4% cholesterol, 1% cholic acid and 0.5% thiouracil) was investigated in this study.
Co-treatment with the TVR extracts (250 and 500 mg/kg body weight for two weeks
significantly (p < 0.05) protected against elevated serum triglyceride (TG), total cholesterol
(TC), LDL-cholesterol, VLDL-cholesterol and decreased HDL-cholesterol in a dosedependent manner when compared with the atherogenic control. The extracts also reduced
(p < 0.05) elevated thiobabutric reacting substance (TBARS) and reversed endothelial
dysfunction parameters (fibrinogen and total NO levels) and tissue antioxidant enzyme
activities to near normal. The protective ability of the extract was confirmed by the
significant (p < 0.05) reduction in the activities of serum markers of liver (LDH, AST,
ALT, ALP, bilirubin) and kidney damage (creatinine and bilirubin) in extract-treated
groups compared with the atherogenic control group. Also, histopathology evaluations of
aorta sections revealed that the extracts protected against the development of fatty streak
plaques (aorta) and fatty changes in hepatocytes. The observed activities of the extracts
compared favorably with standard drug atorvastatin. Our study thus showed that the
methanolic extract of TVR could protect against the early onset of atherosclerosis.
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1. Introduction
Atherosclerosis is a multifactorial disease of the large and medium-sized muscular arteries and the
leading cause of morbidity and mortality in industrialized countries [1]. It is characterized by
endothelial dysfunction, vascular inflammation, and build-up of lipids, cholesterol [2], calcium and
cellular debris within the intima of the vessel wall [3]. This leads to build-up in plaque formation,
vascular remodeling, acute and chronic luminal obstruction, abnormalities of blood flow and
diminished oxygen supply to target organs [4]. Depending on the location of the blocked arteries,
atherosclerosis may lead to complications generally referred to as cardiovascular diseases (coronary
artery disease, carotid artery disease, peripheral artery disease, aneurysms, heart attack and stroke).
Sandra and Lewis [5] reported that successful treatment minimizes lifetime chances of cardiovascular
events, morbidity, and mortality. It was suggested that risk factors for atherosclerosis should be
monitored, beginning in childhood, even in asymptomatic patients. Modifiable factors (e.g., blood
pressure, smoking, serum lipids) and non-modifiable factors should be assessed (e.g., age and family
history) [5]. Improved lifestyle such as dietary choices, increased exercise, and smoking cessation
combined with lipid-lowering pharmacotherapy and antihypertensive medication may also be
employed in the management and prevention of atherosclerosis [5]. However, the treatment and
management of this disease is still a challenge to the medical system [6]. Though a large number of
hypolipidemic drugs are currently available in the market, they lack desired properties such as efficacy
and safety of long term use, cost and simplicity of administration [7]. These deficiencies have led to an
increase in the demand for an inexpensive, affordable medication without any adverse side effects.
Recently, attention has been focused on a number of medicinal plants used in the treatment of
cardiovascular disease because of their reported lipid lowering, anti-anginal, antioxidant and
cardioprotective effect. One of the commonly used plants in the Eastern Cape of South Africa for the
treatment of heart disease is the rhizomes of Tulbaghia violacea Harv. [8].
Tulbaghia violacea is a fast-growing, bulbous plant that reaches a height of 0.5 m. It was reported
to possess many biological activities such as in vitro antithrombotic activity [9] in vitro antioxidant
activity [10], Antibacterial activities against Staphylococcus aureus and Bacillus subtilis [11], in vitro
anticancer [12] and anthelmintic activity [13]. It is believed that T. violacea may possess biological
activities similar to garlic (Allium sativum) since both belong to the same Alliaceae family [14].
However, most of the biological activities demonstrated by garlic remain to be investigated in
T. violacea.
In the present study, we have for the first time investigated the effect of an extract of T. violacea
rhizomes on markers of endothelial dysfunction, lipid profile and tissue antioxidant status in
diet-induced atherosclerogenic rats.
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2. Results and Discussion
Protection against arterial endothelial injuries such as the development of fatty streak plaques and
in-vessel-wall cholesterol accumulation may prevent atherosclerosis. Hyperlipidemia and oxidative
stress have been reported to play a critical role in endothelial dysfunction and most chronic diseases
such as atherosclerosis [15]. Food intake, body weight, and water consumption were similar for all the
groups during the two weeks study (Table 1). High cholesterol content (cholesterol 1%) in atherogenic
diets has been reported to lead to increased body weight in experimental rats [16]. The results of the
present study are consistent with the above observation (Table 1). Co-administration of the extracts
(250 mg/kg and 500 mg/kg) and the standard drug (atorvastatin: 30 mg/kg) significantly reduced
(p < 0.05) the increase in body weight induced by an atherogenic diet. The results suggest that the
extract may be employed in weight control.
Table 1. Food intake, body weight and percentage of weight gain of experimental groups.
Treatment
Control
Athero-diet
Athero-diet + TVR (250 mg/kg)
Athero-diet + TVR (500 mg/kg)
Athero-diet + TVR (30 mg ator)

AIW (g)
AFW
% weight gain FI (g/2 weeks)
151.0 ± 0.11 208.0 ± 0.14
38.0
341.11
152.1 ± 0.12 237.1 ± 0.12 *
55.9
353.62
150.2 ± 0.10 215.2 ± 0.11
36.7
346.24
153.0 ± 0.13 210.3 ± 0.13
34.6
343.40
152.4 ± 0.12 209.1 ± 0.11
37.2
342.21

Ath-diet represents an atherogenic diet, TVR represents Tulbaghia violacea and Ator represent atorvastatin,
AIW represents the average initial weight, FW represents the average final weight and FI represents food
intake. * represents a significant difference (p < 0.05) from the control.

Our results (Table 2) in the present study revealed that rats on an atherogenic diet showed a
significant (p < 0.05) increase in serum TC, TG, LDL-c, VLDL-c and a significant decrease in HDL-c
compared with normal rats. Our observation was consistent with the reports of Azonov et al. [17] and
Sunder et al. [18]. Elevated serum cholesterol, TG, and VLDL-c, LDL-c and decreased HDL-c have
been implicated in the etiology of cardiovascular diseases (CHD) [19]. High serum lipids (TG, and
VLDL-c, LDL-c) contributed to the development of cardiovascular diseases in various ways.
According to Gokkusu and Mostafazadeh, [20] hypercholesterolemia increases aortic thiobabutric
reacting substance (TBARS) or malondialdehyde and oxygen radicals, resulting in endothelial cell
injury, modulation of cell adhesion molecules and eventually the development of atherosclerosis [21].
Co-treatment of methanolic extracts of Tulbaghia violacea rhizomes (TVR) along with an
atherogenic diet significantly (p < 0.05) reduced serum total cholesterol (TC), triglyceride (TG), low
density lipoprotein (LDL) and very low density lipoprotein (VLDL) in a dose dependent manner. The
anti-hyperlipidemia activity of the extract was highest at 500 mg/kg bwt. The LDLs are highly
atherogenic lipoproteins [22]. They are primary carriers of plasma cholesterol. Oxidation of LDL in
the walls of arteries may lead to impaired endothelium-mediated relaxation in isolated arterial
segments thereby causing atherosclerosis and increasing the risk of high blood pressure, which may
eventually lead to stroke [23]. The reduction in LDL-c levels in the extract-treated group when
compared with the atherogenic negative control may lead to enhanced protection against LDL
oxidation, offering an alternative mechanism for the observed antiatherogenic property of the plant.
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High density lipoprotein (HDL) is reported to possess anti-atherogenic properties [24], HDL is
involved in the transport of cholesterol from peripheral tissues to the liver and thereby reduces the
amount stored in the tissue and the possibility of developing atherosclerotic plaques [23]. Reduction in
blood cholesterol has been reported to reduce vascular resistance by improving endothelial
function [24]. It also inhibits the oxidation of LDL by virtue of its antioxidant and anti-inflammatory
properties [25]. In this study, HDL was significantly (p < 0.05) increased in a dose-dependent manner
in the extract-treated groups when compared with the atherogenic control (Table 1). Similar
observations have been reported for two species of garlic (Allium sativum and Allium turberosum) [26].
This indicates that TVR may help to increase the transport of peripheral tissue cholesterol to the liver
and thereby decrease blood cholesterol when concomitantly fed with an atherogenic diet. The
atherogenic index ratio (TC –HDL-C/HDL-C) is a powerful indicator of the risk of cardiovascular
disease [27–29]. The higher the value (≥ 4.5), the higher the risk of developing cardiovascular disease
and vice versa [24]. In this study, we observed that the TVR significantly (p < 0.001) reduced
atherogenic indices in a dose dependant manner (Table 2). A lower atherogenic index ratio (≤ 3)
indicates protection against coronary heart disease [30]. The antilipidemia activity of TVR extract may
be attributed to the inhibitory effect of its organo-sulfur constituents [10].
Table 2. Effect of methanolic extract of Tulbaghia violacea rhizomes (TVR) on serum
lipid profile in diet-induced atherogenic rats.
Treatment
(mg/kg)

TG
(mg/dL)

TC
(mg/dL)

LDL
(mg/dL)

VLDL
(mg/dL)

HDL-c
(mg/dL)

Atherogenic
index (AI)

Control
Ath diet
TVR (250)
TVR (500)
Ator- (30)

63.32 ± 0.25 a
99.3 ± 1.23 b
79.35 ± 0.43 c
71. 78 ± 0.21 c
66.16 ± 0.24 a

75.11 ± 0.21 a
148.3 ± 0.23 b
95.21 ± 0.22 c
83.11 ± 0.25 d
80.34 ± 0.31 d

7.45 ± 0.23 a
25.24 ± 0.17 b
19.18 ± 0.15 c
10.44 ± 0.21 d
8.54 ± 0.32 d

15.94 ± 0.50 a
38.12 ± 0.19 b
25.43 ± 0.23 c
19.25 ± 0.14 d
16.19 ± 0.11 d

39.10 ± 0.41 a
11.59 ± 0.35 b
21.61 ± 0.27 c
29.41 ± 0.19 d
31.29 ± 0.16 d

0.92 ± 0.12
11.80 ± 0.15
3.41 ± 0.14 a
1.83 ± 0.11 b
1.56 ± 0.13 c

Values are Mean ± SD; n = 6, values with different superscripts (a, b, c, d) in the same column is significantly different
from the normal control (p < 0.05) or atherogenic control group (Ath diet). TVR represents Tulbaghia violacea rhizome,
Ath diet represent atherogenic diet and Ator-represent atorvastatin.

The anti-lipidemia activity of the extract compared favorably with the standard drug (atorvastatin)
especially at the highest concentration of 500 mg/kg). The triacylglycerol-lowering effect of the TVR
extract is an added advantage. Elevated triglyceride has been identified as an independent risk factor
for cardiovascular disease [24]. Hypertriglyceridaemia is frequently caused by elevated VLDL levels.
The anti-triglyceridemia effect may be due to the extract/atrovastatin ability to inhibit fatty acid
synthesis and some metabolic enzymes such as fatty acid synthetase and glucose-6-phosphate
dehydrogenase [31].
The ability of the TVR to protect against aortic, liver antioxidant enzyme depletion and endothelial
dysfunction was also investigated. The results (Figures 1 and 2) revealed a significant (p < 0.05)
increase in the activity of superoxide dismutase (SOD), catalase (CAT) and TBARS levels in both
aorta and liver of the diet-induced atherosclerogenic control group compared with the animals on a
standard diet. The increase in TBARS formation is consistent with observations reported by
Yanling et al. [32]. However, the elevation of both hepatic and aortic antioxidant enzyme activities
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(SOD and CAT) in this study contradicts their reports (Figures 1 and 2). The increase in antioxidant
enzyme activities may be a result of an early response or resistance to oxidative insults and lipid
peroxidation occasioned by the atherogenic diet.

Enzymes activity (Unit/mg/protein)

Figure 1. Effect of various doses of TVR on activity of tissue antioxidant enzymes in arota
of diet-induced atherogenic rats. Mean values with the same letter subscripts within the
different group are not significantly different (p < 0.05).
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Figure 2. Effect of various doses of TVR on activity of tissue antioxidant enzymes in liver
of diet-induced atherogenic rats. Mean values with the same letter subscripts within the
different group are not significantly different (p < 0.05).
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Co-administration of the extract (250 and 500 mg/kg bwt) and atorvastatin (30 mg/kg bwt) along
with the atherogenic diet significantly (p < 0.05) increased the enzyme activities (SOD and CAT) in
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both hepatic and aortic tissues but caused a significant reduction (p < 0.05) in the level of TBARS in
the TVR group compared with the atherogenic control group (Figures 1 and 2).
The increase in antioxidant enzyme activities in the extract-treated groups may be due to the ability
of the extract to activate enzyme synthesis. Our results also demonstrate that the methanolic extract of
TVR may protect the liver and aorta against atherogenic induced oxidative stress. The protective
potential of the extract was further supported by a significant (p < 0.05) reduction in the levels of
platelet, fibrinogen and an increase (p < 0.05) in the level of nitric oxide (NO) in extract treated groups
compared with the atherogenic control (Table 3). The activity of the extract was comparable to the
ameliorating effect of the standard drug (atorvastatin) on endothelia dysfunction.
Table 3. Effect of TVR extract on markers of endothelial dysfunction in diet-induced
atherosclerogenic rats.
Group
Normal
Ath diet
TVR (250 mg/kg)
TVR (500 mg/kg)
Ato- (30mg/kg)

PLT (g/L)
405.2 ± 0.25 a
847.4 ± 0.21 b
490.6 ± 0.23 a
420.4 ± 0.16 a
415.9 ± 0.51 a

Fibrinogen (g/L)
1.95 ± 0.43 a
3.21 ± 0.28 b
2.63 ± 0.25 c
2.01 ± 0.39 d
1.99 ± 0.16 d

NO (µmol/L)
57.33 ± 0.11 a
46.38 ± 0.18 b
51.36 ± 0.25 a
53.28 ± 0.35 a
55.19 ± 0.22 a

Values are mean ± SD; n = 6, mean values with different superscripts (a, b, c, d) in the same column are
significantly different from the normal control (p < 0.05) and atherogenic control group (p < 0.05). TVR
represents Tulbaghia violacea rhizome, Ath diet represent atherosclerotic diet while Ator- represents
atorvastatin and PLT represents platelet counts.

Increased serum platelet, fibrinogen and decreased endothelial nitric oxide have been reported in
endothelial dysfunction and the development of atherosclerosis [33]. Platelets play a major role in
vascular wall homeostasis and etiology of atherosclerosis [34]. They may adhere to exposed
sub-endothelium after endothelial injury and release vasoactive substances that induce smooth muscle
cell migration and proliferation [35], development of fatty streaks by serving as a lipid source [36] or
promote foam cell formation [37]. Platelets may release many substances that can induce further
platelet accumulation and activation, vasoconstriction, thrombosis, and mitogenesis, including ADP,
serotonin, platelet-derived growth factor, fibroblast growth factor, ADP, serotonin, platelet factor 4,
β-thromboglobulin [38,39] and superoxide anions [40], all of which play a significant role in the
development and progression of atherosclerosis. The reduced platelet concentration in the
extract-treated groups compared with the atherogenic control showed that the extract can protect against
atherogenic diet-induced endothelial damage. The anti-platelet properties of the extract may be due to its
polyphenol content [40]. Pignatelli et al. [41] reported that polyphenol inhibits platelet NADPH oxidase in
a protein kinase C (PKC) dependent manner in addition to its free radical scavenging properties.
Nitric oxide is a potent vasodilator, an inhibitor of platelet aggregation, smooth muscle cell
proliferation and adhesion of monocytes to endothelial cells [42].
Endothelial damage occasioned by atherogenic diet-induced oxidative insults might result in the
destabilization of endothelial enzymes generating NO (endothelial nitric oxide synthase (eNOS))
leading to a reduced NO production and endothelial dysfunction [43] The observed insignificant
difference in the nitric oxide and the fibrinogen concentration in the extract-treated groups compared
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with the atherogenic control may be connected to the antioxidant, antilipidemic and antiplatelet
properties of the TVR which protect the endothelium against atherogenic diet-induced damage. In
addition, the extract may share a similar mechanism of action with the drug atorvastatin, which has
been reported to prevent hypoxia-induced down regulation of eNOS in endothelial cells by stabilizing
eNOS MRNA leading to an increased NO production [44]. Histopathological evidence (Figure 3C)
revealed that the extracts protect against swelling of the fibers in the wall or foam cell formation in the
aorta by inhibiting mononuclear cell adhesion, their emigration into the intima and an accumulation of
lipids in the vessel wall.
The protective potential of extracts of TVR against atherogenic diet-induced liver damage was also
assessed in the present study. Table 4 reveals that all serum markers of liver or kidney damage were
elevated in rats fed with an atherogenic diet alone compared with animals on a standard rat diet. The
observed increase in the serum marker enzymes of hepatic tissue of rats fed with an atherogenic diet is
likely due to cellular damage caused by an atherogenic diet-induced steatohepatitis with cellular
ballooning via cholesterol-induced oxidative stress [45] which leads to lipid peroxidation of biomolecules
and leakage of cellular components. Our results are in agreement with the report of Sunder et al. [18] in
which they reported that an atherogenic diet caused a significant increase in the serum markers of liver
(LDH, AST, ALT, ALP, bilirubin) and kidney damage (creatinine).
Figure 3. Photomicrograph of rat aorta. (A) The aorta of atherogenic rat; (B) Control aorta
of rat; (C) The aorta of (atherogenic diet +500 mg/kg of RTV) rat; (D) The aorta of
(atherogenic diet + 30 mg/kg of atorvastatin) rat. Showing straight tunica intimae
(thin- dark arrow); Tunica media (TM) with elastic fibers, basophilic changes (BD) and
tunica adventitia (TA). Scale bar: 20 μm, H & E stain, 400× magnification).

(A)

(B)

(C)

(D)

Int. J. Mol. Sci. 2012, 13

12754

Table 4. Effect of methanolic extract of TVR on serum markers of liver and kidney
damage in diet-induced atherogenic rats.
Group
Normal
Ath diet
TVR (250 mg/kg)
TVR (500 mg/kg)
Ato- (30mg/kg)

AST
(IU/L)

ALT
(IU/L)

ALP
(IU/L)

LDH
(IU/L)

T-Bilirubin
(mg/dL)

Creatinine
(μmol/L)

23.12 ± 0.15 a
47.32 ± 0.21 b
38.61 ± 0.33 c
31.55 ± 0.16 c
28.89 ± 0.51 a

26.03 ± 0.13 a
51.21 ± 0.18 b
41.13 ± 0.15 c
35.43 ± 0.19 d
34.63 ± 0.16 d

42.33 ± 0.17 a
92.38 ± 0.14 b
58.22 ± 0.45 c
51.14 ± 0.31 c
50.69 ± 0.42 c

69.18 ± 0.11 a
138.3 ± 0.23 b
98.12 ± 0.20 c
79.33 ± 0.35 d
73.41 ± 0.31 d

0.21 ± 0.21 a
5.43 ± 0.25 b
3.98 ± 0.19 c
2.14 ± 0.25 d
2.11 ± 0.24 d

61.12 ± 0.50 a
67.11 ± 0.32 b
65.01 ± 0.21 c
62.23 ± 0.38 a
61.99 ± 0.26 a

Values are mean ± SD; n = 6, mean values with different superscripts (a, b, c, d) in the same column are significantly
different from the normal control (p < 0.05). Ath diet represents an atherosclerogenic diet, TVR represents Tulbaghia
violacea rhizomes while T-Bilirubin represents total bilirubin.

An atherogenic diet has been reported to induce glomerulosclerosis/nephropathy and mild tubular
and hepatic damage experimental rats [18]. Co-treatment with TVR along with an atherogenic diet
significantly protected against elevated serum markers of liver and kidney damage in a dose dependant
manner. Our results revealed that the kidney and hepatoprotective properties of the extract compared
favorably with the standard drug used as positive control in this study. The protection against kidney
hepatic damage by the extract may be due to its phytochemical components such flavonoids and
saponins [10] which have been reported to possess hepatoprotective effects [46,47].
3. Materials and Methods
3.1. Plant Collection and Extract Preparation
Plant collection and extract preparation followed the earlier description by Mohammad and
Woodward [48] and was modified according to Olorunnisola et al. [10].
3.2. Animals
Healthy, female Wister albino rats (137–165 g) were randomly assigned to control and treated
groups (six animals per group/cage). They were maintained in standard environmental conditions
(22 ± 2 °C, 12 h:12 h dark/light cycle, humidity: 45%–50%). The animals were allowed to acclimatize
to the environment for seven days and supplied with a standard pellet diet (Hindustan Lever Ltd.,
Bangalore India) and water ad libitum. Before induction of atherosclerosis, the weight of the individual
animals and plasma cholesterol levels were determined. All animals were obtained from the animal
house of the laboratory of the School of Biological Sciences, University of Fort Hare Alice, and South
Africa. All procedures used in the present study followed the “Principles of Laboratory Animal Care”
from NIH Publication No.85-23 and were approved by the Animal Ethics Committee of our university.
3.3. Experiment Design
The experimental animals were divided into five groups and an atherogenic diet was prepared
according to the method described by Sunder et al. [18].
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Group 1: Experimental animals fed with a standard diet and orally administered 1 mL distilled
water served as control.
Group II: Negative control rats were fed with an atherogenic diet comprised of normal rat chow
plus 4% cholesterol, 1% cholic acid and 0.5% thiouracil.
Group III and IV: These experimental animals were fed with an atherogenic diet comprised of the
normal rat chow plus 4% cholesterol, 1% cholic acid and 0.5% thiouracil, but also supplemented orally
with extract of T. violacea (0.25 g/kg and 0.50 g/kg body weight, respectively) once daily for two weeks.
Group V: These rats were fed with an atherogenic diet [normal rat chow plus 4% cholesterol, 1%
cholic acid and 0.5% thiouracil) supplemented with standard atorvastatin orally (30 mg/kg body
weight) suspended in distilled water once daily for two weeks.
3.4. Body Weight, Food Intake and Water Consumption
The body weight of the animals was measured at the initiation of the treatment, every week
thereafter, and on the day of sacrifice. The food intake was measured in g/kg bwt/day at the start of the
treatment and at weekly intervals thereafter. The amount of food was measured before being supplied
to the cage and any food that remained the following day was also weighed.
3.5. Sample Collection
At the end of the two weeks, the overnight fasted rats were sacrificed under ether anesthesia. Blood
samples were collected using vacuum tubes with/without EDTA from each rat for determination of
hematological parameters and biochemical analysis, respectively. The blood sample collected in a
plain tube was centrifuged at 3000 rpm for 10 min to obtain serum for biochemical analysis.
Immediately after collecting blood, the liver and aorta from each rat were removed, and placed into
clean and dry tubes.
3.6. Liver and Aorta Homogenate Preparation
Liver and aorta homogenates were prepared as described by Noori et al. [49]. Briefly, livers were
perfused with saline and homogenized in chilled KCl (1.17%) using a homogenizer. The homogenates
were then centrifuged at 800g for five minutes at 4 °C to get post mitochondrial supernatant. Whole
aorta tissue was homogenized in KH2PO4 buffer (100 mM) containing EDTA (1 mM) (pH 7.4)
(1:10 w/v) and centrifuged at 12,000× g, by 30 min, at 4 °C). The supernatant was used for
biochemical estimations.
3.7. Hematological Analysis
The blood chemistry assay was carried out using Beckman Coulter4C(R) (USA). Hematological
parameters assayed for included fibrinogen, white blood cell (WBC), red blood cell (RBC) and
differential leukocyte counts, pack cell per volume (PCV) and platelet counts (PT).
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3.8. Biochemical Assay
Biochemical parameters, serum alkaline phosphatase (ALP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin (TB), serum triglyceride (TG), total serum
cholesterol (TC), high density lipoprotein cholesterol (HDL-c), low density lipoprotein (LDL-c) and
very low density lipoprotein (VLDL-c) were measured using a Piccolo automated chemistry analyzer
(Abaxis, Inc. Union City. CA, USA). NO production was determined by measuring the accumulation
of nitrite in the aorta supernatant. Nitrite in aorta supernatants was measured, as described
by Green et al. [50], by adding 100 µL of Griess reagent (1% sulfonamide and 0.1%
N-w1-naphthylx-ethylenediamine in 5% phosphoric acid) to 100 µL supernatant from samples and the
mixture was incubated for 10 min at room temperature. The OD at 550 nm was measured using a
Spectra max micro-plate reader (Molecular Devices, Bio Tek, and USA). The nitrite concentration in
micromole was calculated from a sodium nitrite standard curve. Tissue antioxidant enzyme activities
were also monitored in the liver and aorta supernatant.
3.9. Determination of Catalyse Activity (CAT)
Catalyse activity was measured as described by Pari and Latha [51]. Briefly, the tissue was
homogenized in 0.01 M phosphate buffer (pH 7.0) and centrifuged at 5000 rpm. The reaction mixture
consisted of 0.4 mL of hydrogen peroxide (0.2 M), 1 mL of 0.01 M phosphate buffer (pH 7.0) and
0.1 mL of liver homogenate (10% w/v). The reaction of the mixture was stopped by adding 2 mL of
dichromate-acetic acid reagent (5% K2Cr2O7) prepared in glacial acetic acid). The changes in the
absorbance were measured at 620 nm and recorded. The percentage of inhibition was calculated using
the Equation:
% catalase inhibition = [(normal activity − inhibited activity)/(normal activity)] × 100%

(1)

3.10. Determination of Superoxide Dismutase Activity
The activity of superoxide dismutase was determined as described by Misra and Fridovich [52].
The assay mixture contained 0.5 mL of hepatic PMS, 1 mL of 50 mM sodium carbonate, 0.4 mL
25 µm nitroblue tetrazolium and 0.2 mL of freshly prepared 0.1 mM hydroxylamine hydrochloride.
The reaction mixture was mixed quickly by inversion followed by the addition of the clear supernatant
of 0.1 mL of liver homogenate (10% w/v). The change in absorbance was recorded at 560 nm. The
percentage of inhibition was calculated using this Equation:
% superoxide dismutase inhibition = [(normal activity − inhibited activity)/(normal activity)] × 100% (2)

3.11. Estimation of Malonyldialdehyde (MDA)
The method described by Okhawa et al. [53] was employed to determine the level of lipid
peroxidation in the animal tissue. Briefly, the reaction mixture of 0.2 mL of 8.1% sodium dodecyle
sulfate, 1.5 mL of 20% acetic acid solution adjusted to pH 3.5 with sodium hydroxide and 1.5 mL of
0.8% aqueous solution of thiobarbituric acid was added to 0.2 mL of 10% (w/v) of the homogenate.
The mixture was brought up to 4.0 mL with distilled water and heated at 95 °C for 60 min. After
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cooling with tap water, 1.0 mL distilled water and 5.0 mL of the mixture of n-butanol and pyridine
(15:1 v/v) was added and the mixture centrifuged at 2000 rpm for 10 min. The organic layer was removed
and its absorbance measured at 532 nm and compared with those obtained from MDA standards.
3.12. Histopathological Analysis of the Liver and Aorta
The, liver and aorta of the animals from each group were fixed in 10% formaldehyde, dehydrated,
and paraffin blocks prepared for histopathological examination. The block was sectioned at 5–7 μm
and stained with heamotoxylen.
3.13. Statistical Analysis
All data were expressed as mean ± SD of six replicates and were subjected to one-way analysis of
variance (ANOVA) followed by Duncan multiple range tests to determine significant differences in all
the parameters. Values were considered statistically significant at p < 0.05.
4. Conclusion
The present study showed that the methanolic extract of TVR produced a protection against
atherogenic diet induced aortic pathology, enzyme depletion glomerulosclerosis and hepatic damage
by preventing hyperlipidemia and oxidative stress in rats.
Acknowledgements
The authors are grateful for the financial support of the National Research Foundation of
South Africa.
References
1.
2.
3.
4.

5.
6.
7.

Braunwald, E. Shattuck lecture-cardiovascular medicine at the turn of the millennium: Triumphs,
concerns, and opportunities. N. Engl. J. Med. 1997, 337, 1360–1369.
Shiao, M.S.; Chiu, J.J.; Chang, B.W.; Wang, J.; Jen, W.P.; Wu, Y.J.; Chen, Y.L. In search of
antioxidants and anti-atherosclerotic agents from herbal medicines. Biofactors 2008, 34, 147–157.
Anuradha, S.; Sugumar, V.R. Impact of coconut oil replacement in diet among obese adolescent
girls. Indian Coconut J. 2009, 52, 12–16.
Bibave, K.H.; Shenoy, P.A.; Mahamuni, S.P.; Bandawane, D.D.; Nipate, S.S.; Chaudhari, P.D.
Preclinical evaluation methods for screening of anti-atherosclerotic drugs: An overview. Asian J.
Biomed. Pharm. Sci. 2011, 1, 1–14.
Lewis, S.J. Prevention and treatment of atherosclerosis: A practitioner’s guide for 2008. Am. J.
Med. 2009, 122, S38–S50.
Jain, N.C.; Schalm, O.W.; Carroll, E.J. Veterinary Hematology; Lea & Febiger: Philadelphia, PA,
USA, 1986; pp. 235–245.
Davidson, M.H.; Tooth, P.P. Comparative effect of lipid lowering therapies. Prog. Cardiovasc.
Dis. 2004, 47, 173–204.

Int. J. Mol. Sci. 2012, 13
8.

9.
10.

11.
12.
13.
14.
15.
16.

17.

18.

19.
20.
21.
22.
23.
24.

12758

Olorunnisola, O.S.; Bradley, G.; Afolayan, A.J. Ethnobotanical information on plants used for the
management of cardiovascular diseases in Nkonkobe municipality of South Africa. J. Med. Plants
Res. 2011, 5, 4256–4260.
Bungu, L.; van de Venter, M.; Frost, C. Evidence for an in vitro anticoagulant and antithrombotic
activity in Tulbaghia violacea. Afr. J. Biotechnol. 2008, 7, 681–688.
Olorunnisola, O.S.; Bradley, G.; Afolayan, A.F. Antioxidant properties and cytotoxicity
evaluation of methanolic extract of dried and fresh rhizomes of Tulbaghia violacea.
Afr. J. Pharm. Pharmacol. 2011, 5, 2490–2497.
Gaidamashivili, M.; van Staden, J. Interaction of lectin-like proteins of South African medicinal
plants with Staphylococcus aureus and Bacillus subtilis. J. Ethnopharm. 2001, 80, 131–135.
Bungu, L.; Frost, C.L.; Brauns, S.C.; van de Venter, M. Tulbaghia violacea inhibits growth and
induces apoptosis in cancer cells in vitro. Afr. J. Biotechnol. 2006, 5, 1936–1943.
McGaw, L.J.; Jager, A.K.; van Staden, J. Antibacterial, anthelmintic and anti-amoebic activity in
South African medicinal plants. J. Ethnopharmacol. 2000, 72, 247–263.
Van Wyk, B.-E.; van Oudtshoorn, B.; Gericke, N. Medicinal Plants of South Africa, 1st ed.;
Brizza Publications: Pretoria, South Africa, 1997; p. 138.
Leopold, J.A.; Loscalzo, J. Oxidative mechanisms and atherosthrombotic cardiovascular disease.
Drug Discov. Today 2008, 5, 5–13.
Kanthlal, S.K.; Sureesh, V.; Arunachalam .G.; Royal Frank, P.; Kameshwaran, S. Anti obesity
and hypolipidemic activity of methanolic extracts of Taberenaemontana Divaricata on
atherogenic diet induced obesity in rats. Int. Res. J. Pharm. 2012, 3, 157–161.
Azonov, J.A.; Khorram Khorshid, H.R.; Novitsky, Y.A.; Farhadi, M.; Ghorbanoghli, Z.;
Shahhosseiny, M.H. Protective effects of setarud (IMODTM) on development of diet-induced
hypercholesterolemia in rabbits. DARU J. Pharm. Sci. 2008, 16, 218–222.
Shyam Sunder, A.; Rama Narsimha Reddy, A.; Rajeshwar, Y.; Kiran, G.; Krishna Prasad, D.;
Baburao, B.; Thirumurugu, S.; Karthik, A. Protective effect of methanolic extract of
Trianthema portulacastrum in atherosclerotic diet induced renal and hepatic changes in rats.
Der Pharmacia. Lettre 2010, 2, 540–545.
Shankar, V.; Kaur, H.; Dahiya, K.; Gupta, M.S. Comparison of fasting and postprandial lipid
profile in patients of coronary heart disease. Bombay Hosp. J. 2008, 50, 445–449.
Gokkusu, C.; Mostafazadeh, T. Changes of oxidative stress in various tissues by long-term
administration of vitamin E in hypercholesterolemic rats. Clin. Chim. Acta 2003, 328, 155–161.
Maxfield, F.R.; Tabas, I. Role of cholesterol and lipid organization in disease. Nature 2005, 438,
612–621.
Chia, B.L. Cholesterol and coronary artery disease-issues in the 1990s. Singapore Med. J. 1991,
32, 291–294.
Yakubu, M.T.; Akanji, M.A.; Oladiji, A.T. Alterations in serum lipid profile of male rats by oral
administration of aqueous extract of Fadogia agrestis stem. Res. J. Med. Plant 2008, 2, 66–73.
Saikia, H.; Lama, A. Effect of Bougainvillea spectabilis leaves on serum lipids in albino rats fed
with high fat diet. Int. J. Pharm. Sci. Drug Res. 2011, 3, 141–145.

Int. J. Mol. Sci. 2012, 13

12759

25. Chigozie, J.I.; Chidinma, C.I. Alteration of plasma lipid profiles and atherogenic indices by
Stachytarpheta jamaicensis L. (Vahl). Biokemistri 2009, 21, 71–7726.
26. Raghuveer, C. Beneficial effect of allium sativum and allium tuberosum on experimental
hyperlipidemia and atherosclerosis. Pak. J. Physiol. 2008, 4, 7–9.
27. Brehm, A.; Pfeiler, G.; Pacini, G.; Vierhapper, H.; Roden, M. Relationship between serum
lipoprotein ratios and insulin resistance in obesity. Clin. Chem. 2004, 50, 2316–2322.
28. Law, M.R. Lowering heart disease risk with cholesterol reduction: evidence from observational
studies and clinical trials. Eur. Heart J. Suppl. 1999, 1, S3–S8.
29. Botham, K.M.; Mayes, P.A. Harper’s Illustrated Biochemistry, 26th ed.; The McGraw-Hill
Companies Inc: New York, NY, USA, 2006; pp. 217–245.
30. Bainton, D.; Miller, N.E.; Bolton, C.H.; Yarnell, J.W.; Sweetnam, P.M.; Baker, A.I.; Lewis, B.;
Elwood, P.C. Plasma triglyceride and high density lipoprotein cholesterol as predictors of
ischaemic heart disease in British men. Br. Heart J. 1992, 68, 60–66.
31. Yeh, Y.Y.; Liu, L. Cholesterol lowering effect of garlic extracts and organosulfur compounds
Human and animal studies. J. Nutr. 2001, 131, 389s–393s.
32. Wu, Y.; Li, J.; Wang, J.; Si, Q.; Zhang, J.; Jiang, Y.; Chu, L. Anti-atherogenic effects of centipede
acidic protein in rats fed an atherogenic diet. J. Ethnopharmac. 2009, 122, 509–516.
33. Sharma, S.; Kumar, S.; Wiseman, D.A.; Kallarackal, S.; Ponnala, S.; Elgaish, M.; Tian, J.;
Fineman, J.R.; Black, S.M. Perinatal changes in superoxide generation in the ovine lung:
Alterations associated with increased pulmonary blood flow. Vascul. Pharmacol. 2010, 53, 38–52.
34. Rantanachamnong, P.; Matsathit, Y.; Sanvarinda, Y.; Piyachaturawat, P.; Phivthong Ngam, L.
Effects of Curcurma comosa Roxa. On platelet aggregation and atherosclerosis plaque
development in hypercholesterolemic Rabbits. Int. J. Pharmacol. 2012, 8, 234–242.
35. Hoak, J.C. Platelets and atherosclerosis. Thromb. Haemost. 1988, 14, 202.
36. Chandler, A.; Hand, R. Phagocytized platelets: A source of lipids in human thrombi and
atherosclerotic plaques. Science 1961, 134, 946.
37. Mendelsohn, M.E.; Loscalzo, J. Role of platelets in cholesteryl ester formation by U-937 cells.
J. Clin. Invest. 1988, 81, 62.
38. Ware, J.A.; Coller, B.S. Platelet Morphology, Biochemistry and Function. In Williams’
Hematology; Beutler, E., Lichtman, M.A., Coller, B.S., Kipps, T.J., Eds; McGraw Hill:
New York, NY, USA, 1994; p. 1161.
39. Stein, B.; Fuster, V.; Israel, D.H.; Cohen, M.; Badimon, L.; Badimon, J.J.; Chesebro, J.H. Platelet
inhibitor agents in cardiovascular disease: An update. J. Am. Coll. Cardiol. 1989, 14, 813.
40. Ryszawa, N.A.; Kawczyñska-dród, J.; Pryjma, M.; Czesnikiewicz-guzik, T.; Adamek-guzik1, M.;
Naruszewicz, R.; Korbut, T.; Guzik, J. Effects of novel plant antioxidants on platelet superoxide
production and aggregation in atherosclerosis. J. Physiol. Pharmacol. 2006, 57, 611–626.
41. Pignatelli, P.; di Santo, S.; Buchetti, B.; Sanguigni, V.; Brunelli, A.; Violi, F. Polyphenols
enhance platelet nitric oxide by inhibiting protein kinase C-dependent NADPH oxidase
activation: Effect on platelet recruitment. FASEB J. 2006, 20, 1082–1089.
42. Ada, M.C.; Alfredo, M.G. Diet and Endothelial Function. Biol. Res. 2004, 37, 225–230.
43. Lokhande, P.D.; Dhawaren, B.S.; Jagdale, S.C.; Chabukswar, A.R.; Mukawar, S.A. Cardiac
activity of isolated constituents of Inula racemosa. J. Herb. Pharmcother. 2006, 6, 81–88.

Int. J. Mol. Sci. 2012, 13

12760

44. Lauf, U.; Fata, V.L.; Liao, J.K. Inhibition of 3-hydroxy-3-methylglutary (HMG)-CoA reductase
blocks hypoxia-mediated down-regulation of endothelial nitric oxide synthase. J. Biol. Chem.
1997, 272, 31725–31729.
45. Matsuzawa, N.; Takamura, T.; Kurita, S.; Misu, H.; Ota, T.; Ando, H.; Yokoyama, M.;
Honda, M.; Zen, Y.; Nakanuma, Y.; et al. Lipid-induced oxidative stress causes steatohepatitis in
mice fed an atherogenic diet. Hepatology 2007, 46, 1392–1403.
46. Panigrahi, B.B.; Panda, P.K.; Patro, V.J. Comparative hepatoprotective activity of different
extracts of spirulina against CCl4 induced liver damage in rats. Int. J. Pharm. Sci. Rev. Res. 2010,
4, 200–202.
47. Khatri, A.; Garg, A.; Agrawal, S.S. Evaluation of hepatoprotective activity of aerial part of
Tephrosia purpuria L. and stem bark of Tecomella undulata. J. Ethnopharmacol. 2009, 122, 1–5.
48. Mohammad, S.F.; Woodward, S.C. Characterisation of a potent inhibitor of platelet aggregation
and release reaction isolated from Allium sativum (Garlic). Thromb. Res. 1986, 44, 793–806.
49. Noori, S.A.; Mahboob, M. Study on the antioxidant effects of cinnamon and garlic extract in
liver, kidney and heart tissue of rat. Biosci. Res. 2012, 9, 17–22.
50. Green, L.C.; Wagner, D.A.; Glogowski, J.; Skippe, P.; Wishnok, J.S.; Tannenbaum, S.R. Analysis
of nitrate, nitrite and [15N] nitrate in biological fluids. Anal. Biochem. 1982, 126, 131–138.
51. Pari, L.; Latha, M. Protective role of Scoparia dulcis plant extract on brain antioxidant status and
lipid peroxidation in STZ diabetic male Wistar rats. BMC Complement Altern. Med. 2004, 4,
doi:10.1186/1472-6882-4-16.
52. Misra, H.P.; Fridovich, I. The role of superoxide anion in the autooxidation of epinephrine and
simple assay for superoxide dismutase. J. Biol. Chem. 1972, 247, 3170–3175.
53. Okrainec, K.; Banarjee, D.K.; Eisenberg, M.J. Coronary artery disease in the developing world.
Am. Heart J. 2004, 148, 7–15.
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

