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Abstract

Costus afer leaf extract is one of the native heritages of folklore medicine in Nigeria, used for the treatment of various
disease conditions. Therefore this study was undertaken to evaluate the cardioprotective potential of the methanol
extract of Costus afer leaves on CCl,- induced cardiotoxicity in albino rats. Twenty-eight (28) albino rats were divided
into four main groups: normal control (normal saline only), CCl, control (saline and CCl,), aspirin treated (1.2 mg/kg b.w
aspirin and CCl,) and Costus afer extract treated (extract and CCl,) groups. Costus afer extract was administered in four
doses; 100, 200, 300, and 400 mg/kg b.w. p.o for 7 days. On day 7, CCl, (2.5 ml) cardiotoxicity was induced in animals
of CCl, control, aspirin treated and extract pre-treatment groups. The parameters studied in this respect were cardiac
biomarker enzymes; Creatine Kinase (CK), Aspartate Transaminases (AST) and Lactate Dehydrogenase (LDH), serum lipid
profile; Triacylglycerol (TAG), Total Cholesterol (TC), Low Density Lipoprotein (LDL), High Density Lipoprotein (HDL) and
artherogenic index (AR), lipid peroxidation; malondialdehyde (MDA) level and enzymatic antioxidant levels of cardiac
tissue homogenate; Superoxide Dismutase (SOD), Catalase (CAT) and Glutathione Reductase (GR). CCl, intoxication
produced significant (p < 0.05) increases in cardiac biomarker enzymes, serum lipid profile (TAG, TC, and LDL) along with
enhanced lipid peroxidation in heart, while significant (p < 0.05) decreases in enzymatic antioxidant activities and HDL
contents were also observed when compared to normal control. Costus afer leaf extract protected against CCl, cardiotoxic
effect by restoring the cardiac functions alterations, augmenting antioxidant activities, reducing lipid peroxidation and
improving lipid profile levels near normal. From the results, Costus afer leaves expressed cardioprotective potential and
could be helpful in the management of cardiac dysfunction.
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defined as acute necrosis of the myocardium that occurs

1. Introduction

so as a result of imbalance between coronary blood supply

During, the last decade, the use of traditional medicine
has expanded globally and is gaining popularity'.
According to the World Health Organization, herbal
medicines serve the health needs of about 80% of the
world’s population, especially for millions of people in
the vast rural area of developing countries®. In Nigeria,
many indigenous plants are used as sources of affordable
medicine, food and spices, and are regarded as powerful
therapeutic agents due to their pharmacological activities.

Myocardial Infarction (MI) is a chemical problem
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and myocardial’. It is well recognized that free radicals
generated in ischemic tissues cause metabolic stress which
results in degradation of tissue defence system leading to
myocardial damage and necrosis’. Herbal antioxidants
may protect against these diseases by contributing to the
total antioxidant defence system>S. CCl, is a renowned
model compound for producing chemical tissue toxicity
by creation of free radicals in liver, kidney, heart, lung,
testis, brain and blood’. CCI, intake is followed by
transformation in the liver by cytochrome P, leading
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to the formation of trichloromethyl free radical (CCl, or
CCL,00) which could modify molecular probably lipids,
leading to peroxidation of polyunsaturated fatty acids
in the cell membrane®. The antioxidant activity or the
inhibition of the generation of free of radicals is important
in providing protection against myocardial infarction®.
Natural products derived from plant extracts/fraction are
novel therapeutic agents for various infections as well as
degenerative diseases’.

Costus afer is commonly called “Gingerlily” or “Bush
cane”. In Nigeria, it is called “Ireke omode” in Yoruba,
“Okpete” in Igbo, “Kakizawa” in Hausa, “Mbritem’in
Efik and Anglophone Cameroon calls it “Monkey sugar
cane”'. Costus afer is an indigenous West African
medicinal plant of the family of Zingiberaceae. It is one of
the 150 species of stout, perennial and rhizomatous herbs
that grow in moist or shady forests and river banks'’
Researchers have reported that Costus afer leaves extract
is antitussive, hypoglycaemic, immunomodulatory,
antimalaria'>™**. Godswill ef al.' reported that an infusion
of Costus afer inflorescence and rhizome is taken to treat
leprosy and veneral diseases. According to Taiwo and
Bolanle, aqueous and methanol extract of Costus afer
stem exhibited antioxidant activity in vitro".

Furthermore, Omokhua reported that Costus afer is
used for other socio-cultural purposes such as preparation
of ritual ornaments, wrapping of indigenous foods, mat
making and as feed for ruminant animals'®. The effect of
Costus afer leaf extract on myocardial antioxidant defense
system in CCl, induced myocardial necrosis has not yet
being studied. Therefore, the present study was conducted
to examine the beneficial effects of Costus afer leaf extract
on heart tissue in CCl,-induced cardiotoxicity in rats.

2. Materials and Methods

2.1 Collection of Costus afer Leaves

Fresh leaves of Costus afer collected from Ozom
Mgbagbu-Owa in Ezeagu Local Government of Enugu
State were identified by Mr. Alfred Ozioko of Bioresources
Development and Conservation Programme, Nsukka,
Enugu State, Nigeria.

2.2 Preparation of Plant Material
The Costus afer leaf were washed with distilled water, air-
dried at room temperature and pulverized into powder
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for extraction. The powder (500 g) was extracted in 1.5
L of methanol and allowed to stand for 48 hrs at room
temperature. The mixture was filtered with Whatman
No. 4 filter paper and the filtrate was concentrated using
rotary evaporator to get a semi solid extract.

2.3 Phytochemical Screening

The screening for some chemical constituents of the plant
leaf extract was carried out as described by Harbone, and
Trease and Evans.'®". Quantitative analysis was carried
out as described by Harbone, and Soni and Sosa®*'.

2.4 Assessment of Cardio Protective and
Antioxidant Properties

2.4.1 Animals

Twenty eight (28) adult male albino rats, weighing 120-200
g were obtained from the animal house of the faculty of
Veterinary Medicine, University of Nigeria, Nsukka. The
animals were kept in clean aluminium cages placed in a
well-ventilated house under standard laboratory condition
of temperature at 25 + 2 °C, relative humidity of 55 + 10
%, and light: dark cycle of 12 hr photoperiod. All the rats
were allowed free access to rat pellet and water before
and throughout the experiment. The rats were handled
according to the guidelines of the National Institute of
Health on the case and use of laboratory animals

2.4.2 Treatment Protocols

A total of twenty eight (28) rats were used and randomly
divided into seven (7) main experimental groups (A-
G), each containing four (4) animals. After one week of
acclimatization, 1.2 mg/kg b.w of aspirin and different
doses of the extracts were orally administered to groups
Cand D - G respectively while groups A and B received
distilled water for seven (7) consecutive days.

2.4.3 Inducement of Cardio toxicity

Cardio toxicity was induced according to the method
described by Agbafor et al*. Briefly, on the seventh day,
two hours after the extract or aspirin administration,
groups B - G were treated with a single dose of 2.5 ml/kg
b.w of CCl, and olive oil (1:1) intraperitoneally. Group A
was given distilled water/olive oil (1:1).

Summary of groups and treatment:
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Group A: Normal saline

Group B: CCl, only

Group C: 1.2 mg/kg b.w aspirin+ 2.5 ml/Kg b.wt CCl,
Group D: 200 mg/kg b.w of methanol leaf extract + 2.5
ml/kg b.wt CCl,

Group E: 400 mg/kg b.w of methanol leaf extract + 2.5 ml/
kg b.wt CCl,

Group F: 600 mg/kg b.w of methanol leaf extract + 2.5 ml/
kg b.wt CCl,

Group G: 800 mg/kg b.w of methanol leaf extract + 2.5
ml/kg b.wt CCl,

2.4.4 Collection of Blood Sample from
Experimental Animals

Blood samples were collected from the experimental
animals using the method described by Agbafor et al*.
Briefly, blood samples were collected from the animals
following an overnight fast through cardiac puncture
under mild anaesthesia using chlorofor]m. The samples
were put into specimen bottles without anticoagulant.
Heart was also quickly excised, perfused with cold normal
saline and homogenized in 0.25 M sucrose in phosphate
buffer (0.2 M, pH 7.4).

2.4.5 Cardio Protective Property

Cardio protective effect of the extract was studied by
determining the serum levels of CK, LDH, AST and
lipid profile (Total cholesterol, TAG, HDL and LDL). The
methods as contained in the respective kits (Randox Kkits,
UK) of the parameters were adopted.

2.4.6 Biochemical Studies

Heart tissues were homogenized in KCl (10 nM)
phosphate buffer (1.15 %) with ethylene diaminetetracetic
acid (EDTA, pH 7.4) and centrifuged at 12000 rpm for 20
minutes. Aliquot was used for biochemical estimation.

2.4.7 Antioxidant Activity

This was evaluated in the heart homogenate by estimating
the concentration of MDA, a stable product of lipid
peroxidation according to the method described by
Ohkawa et al.”® Myocardial activity of SOD, CAT and GR
were determined by the method of Kakkar et al.; Aebi;
and Bentler respectively**.
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2.5 Data Analysis

Statistical analysis was done using analysis of variance
(ANOVA). Means were compared for significance using
Duncan’s Multiple Range Test (p < 0.05).

3. Results

3.1 Percentage Yield
Costus afer leaf yielded 30.48 g of the extract which
represents 4.79 % of the starting material.

3.2 In Vitro Study

Preliminary phytochemical screening for some chemical
constituents of the extract of Costus afer leaf is shown in
Table 1.

Table 1. Some chemical constituents of the
Costus afer leaf extract

Phytochemical Constituents Concentration
Alkaloids (mg/g) 2.67 £0.35
Flavonoids (mg/g) 3.53+0.31
Tanins (mg/g) 1.39 + 0.40
Saponins (mg/g) 229 £0.19
Terpenoids (mg/g) 6.24+0.13
Glycosides (mg/g) 528 £0.16
Phenolics (mg/g) 4.87 £0.14
Sterols (mg/g) 2.52+£0.71

3.3 Effects of Costus afer Leaf Extract on

Cardiac Function Test on Rats

CCl, intoxication markedly increased the concentration
of CK, LDH and AST relative to the control group.
Administration of the graded doses of the extract
significantly (p < 0.05) decreased the concentration of
these enzymes near normal in a dose dependent manner,
ameliorating the toxic effect of CCl, as compared to the
rats treated with CCl, only. Significant (p < 0.05) decreases
in the concentration of the enzymes were also observed in
the group that received the standard drug. At the highest
tested dose of 800 mg/kg b.w, Costus afer leaf extract
significantly (p < 0.05) suppressed the toxic effect of CCl,
more effectively relative to the standard drug.
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Table 2. Serum levels of CK, LDH and AST 0.05) increased in CCIl, intoxicated rats while drastic
Group CK (U/L) LDH(U/L) AST (IU/L) significant (p < 0.05) decrease in HDL was observed
Normal Control 110.30+3.13* 134.00+3.65* 170.90+4.15° compared to the control group. However, treatment with
CCl, only 378.20+8.63" 265.25+1.71" 286.18+3.40" aspirin and Costus afer leaf extract significantly (p < 0.05)
1.2 mg/kg 102.62+2.98"  148.252.06" 205.11+1.44° improved the lipid profile, decreasing triacylglycerol, total
Standard Drug cholesterol and LDH levels to near normal as compared
(aspirin) + CCl, to CCl, treated group while HDL level was significantly

200 mg/kg b.wt  277.08+12.79¢ 234.25+2.21°¢ 251.53+1.97¢
extract + CCl,
400 mg/kg b.wt 197.45+2.10¢ 206.75+1.89¢ 244.45+1.75¢
extract + CCl,
600 mg/kg b.wt  171.36£2.11¢ 170.00£5.10° 226.66+3.69°

(p < 0.05) increased. The effect of Costus afer extract on
lipid profile at dose of 800 mg/kg was significantly more
effective when compared to aspirin.

extract + CCl, 3.5 Effect of Costus afer Leaf Extract on

800 mg/kg b.wt  100.56+1.63* 138.00+5.66° 169.15+4.03° Cardiac Enzymatic Antioxidant Levels
extract + CCL, Result of the evaluation of the antioxidant activity of the
Values are mean+SD, n = 4. Values in the same column having different extract is presented in Table 4. CC14 intoxication markedly
superscripts differ significantly (p < 0.05); CK = Creatine kinase; LDH = suppressed the antioxidative status of cardiac SOD,
Lactate dehydrogenase; AST = Aspartate transaminase catalase, and glutathione reductase relative to the control

group. Administration of aspirin and graded doses of the
extract significantly (p < 0.05) amended the toxic effect
of CCl, by improving the activities of the suppressed
antioxidant enzymes.

3.4 Effects of Costus afer Leaf Extract on
Serum Lipid Profile

Effect of Costus afer leaf extract on serum lipid profile
of CClI, intoxicated rats is summarized in Table 3. The
serum levels of TAG, TC, and LDL significantly (p <

Table 3. Result of serum lipid profile of the animals

Group (TAG) (mmol/L) TC (mmol/L) (LDL) (mmol/L) HDL (mmol/L) Artherogenic Index
Normal Control 1.43+0.03° 4.03£0.03* 1.12+0.06® 1.79£0.10¢ 0.63
CCl4 only 1.71+0.03f 4.94+0.05¢ 2.78+0.14f 1.30£0.03* 2.14
1.2mg/kg aspirin + CCl, 1.55+0.02° 4.17+0.06® 1.20+0.01" 1.69+0.03¢ 0.71
200mg/kg b.wt extract + CCl, 1.64+0.03¢ 4.80+0.02¢ 2.35+£0.04¢ 1.42+0.09° 1.66
400mg/kg b.wt extract + CCl, 1.60+0.02° 4.51+0.35° 1.98+0.08¢ 1.54+0.04° 1.29
600mg/kg b.wt extract + CCI4 1.56+0.04<¢ 4.44+0.10 1.23+0.02¢ 1.63+0.05¢ 0.76
800mg/kg b.wt extract + CCI4 1.37+0.02° 3.89+0.33* 1.05+0.01* 1.83+0.03¢ 0.57

Values are mean+SD, n = 4. Values in the same column having different superscripts differ significantly (p < 0.05); TAG = Triglyceride; TC = total

cholesterol; LDL = low density lipoprotein; HDL = high density lipoprotein; AI = arterogenic index.

Table 4. Result of heart levels of CAT, SOD and GR

Groups SOD (U/L) CAT (U/L) GR (u/mg protein)
Normal control 11.08+0.13f 7.47+0.12¢ 28.88+0.34f
CCI4 only 10.22+0.04* 2.62+0.08* 22.50+0.28*
1.2mg/kg aspirin + CCI4 10.38+0.05¢  6.09+0.15¢ 27.36+0.40¢

200mg/kg b.wt extract + CCl, 10.78+0.02* 3.57+0.16° 24.67+0.34¢

4

400mg/kg b.wt extract + CCl, 10.47+0.04* 4.34+0.22¢ 25.61+0.57¢

4

600mg/kg b.wt extract + CCl, 10.67+0.06° 5.33+0.10° 26.25+0.18¢
800mg/kg b.wt extract + CCl, 10.93£0.07¢ 6.70+0.24° 28.53+0.33f

Values are mean+SD, n = 4. Values in the same column having different superscripts differ

significantly (p < 0.05)
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3.6 Effect of Costus afer Leaf Extract on

Lipid Peroxidation

Evaluated level of malondialdehyde content in heart
homogenate is shown in Figure 1. MDA content in heart
homogenate was significantly (p < 0.05) increased in CCl,
group compared to the normal control. Treatment with
aspirin and Costus afer leaf extract significantly (p < 0.05)
decreased MDA level in a dose dependent manner relative
to the CCl, intoxicated group. Markedly, at a dose of 800
mg/kg b.w, Costus afer extract showed a more potent
effect when compared to the standard drug, aspirin.
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Figure 1. Decreased levels of MDA caused by Costus
afer leaf extract.

4. Discussion

The presence of alkaloids, flavonoids, saponins, tannins,
terpenoids, cardiac glycosides, phenols, and sterols in
substantial quantities (Table 1), agrees with previous
studies of Momoh et al. and Akpabio et al'**’. Phenolic
compounds are a class of antioxidant agents which act
as free radical terminators, and their bioactivities may
be related to their abilities to chelate metals, inhibit
lipoxygenase and scavenge free radicals?®. The scavenging
effect of free radical by various constituents of plants
may be due to phenolic acids and flavonoids®. Similarly,
terpenoids, as vitamins, act as regulators of metabolism
and play a protective role as antioxidants®. Flavonoids,
phenols and terpenoids present in the extract possibly
indicate beneficial antioxidant properties of Costus afer
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leaf extract. Cardiac glycosides inhibits Na*/K* pump
causing an increase in concentration of Ca* for heart
muscle contraction thereby improving cardiac output and
reduces distention of the heart; thus, help in the treatment
of congestive heart failure and cardiac arrhythmia’'.
Sterol is a group of natural steroid alcohols. Plant steroids
are known to be important for their cardio toxic activity.
Cardiac glycosides and sterol present in the extract may
be suggested to exert cardio protective effects. As cardiac
tissue has affinity for CCl, due to Cyt P, , oxidative damage
to lipids and proteins of heart tissues probably occurred
due to CCl, intoxication.” An approach for detection of
cardiac injury, tissue ischemia and myocardial infarction
involves measurements of the cardiac marker enzymes
for example, Creatine Kinase (CK), cardiac Creatine
Kinase-MB fraction (CK-MB), AST, ALT, ALP and LDH
in serum*?**. The integrity of cardiac cell membrane gets
disrupted as a consequence of peroxidation of membrane
by oxygen derived free radicals®. Significant increases
in serum Cardiac Marker enzymes (CK, AST and LDH)
observed in the group treated with CCI, alone indicates
damage to the myocardial cell membrane, consequently
leading to the leakage of cytosolic contents of the cell
into the plasma. The ability of the extract to reverse CCl,
toxic effect suggests protective effect on cardiac marker
enzymes. This cardio protection may be attributed to
the ability of the bioactive compounds in the extract
to chelate the by-products of CCl, metabolism, hence,
scavenging reactive oxygen species reaction. Moreover,
previous studies have reported that the oxidative damage
to tissues and their cellular components can be prevented
by certain antioxidant metabolites present in the plants®.
This could be a characteristic of the plant that justifies
its use in the management of disease conditions in the
folklore medicine of Nigeria.

Changes in the levels of major lipids such as TAG, TC,
LDL-C and HDL-C could give useful information on the
predisposition of the heart of animals to artherosclerosis
and its associated coronary heart. TAG, LDL and HDL are
associated with lipolysis, transport of plasma cholesterol
and artherosclerotic tendency respectively”. Increase in
serum lipid profile of the animals intoxicated with CCI,
only prognosticates cardiovascular risk. Reduction in
the levels of TAG, TC, LDL-C and increase in HDL-C
observed amongst the groups treated with aspirin and
graded doses of the extract suggested unsusceptibility
to cardiovascular risk. In this present study, Costus afer
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leaves extract may be suggested to possess antiatherogenic
capacity.

Malondialdehyde (MDA) is one the final products of
polyunsaturated fatty acids peroxidation in the cells and
is commonly known as a lipid peroxidation marker of
oxidative stress®. Overproduction of MDA is caused by
increase in free radicals. The increase in MDA content of
heart tissues of CCl, intoxicated animals indicated that
peroxidation of polyunsaturated fatty acids in the cardiac
cell membrane have occurred. This also buttressed the
disruption of the integrity of the cardiac cell membrane
observed earlier. Significant decreases in cardiac MDA
content following the administration of aspirin and
graded doses of the extract confirmed that treatment with
the extract could have a great protective effect against the
CCl,-induced cardiac lipid peroxidation. This protective
effect of Costus afer extract on lipid peroxidation
that occurs deep within the membrane bilayer may
be attributed to some of its antioxidant components.
Consequently, could promote membrane stabilization
and restore altered biochemical profiles induced by CCl,
exposure. Glutathione reductase is a flavoprotein that
permits the conversion of oxidized glutathione (GSSG)
to reduced Glutathione (GSH) by the oxidation pf
NADPH to NADP* ¥. Glutathione, the first line defense
against ROS, is a readily available source of endogenous
sulthydryl (-SH) groups®. Inactivation of glutathione
reductase in the heart leads to the accumulation of GSSG
and increases the susceptibility of myocardial membrane
to reactive oxygen metabolites and lipoperoxidation
necrotic damage*'*. Significant decline in cardiac level
of glutathione reductase observed in the CCl, intoxicated
rats demonstrated enhanced oxidative stress which may
be attributed to the direct conjugation of CCl, metabolites
with free or bound -SH groups thereby interfering with
the antioxidant functions. Rats treated with aspirin and
graded doses of Costus afer leaves extract demonstrated
abridged lipid peroxidation with enhanced glutathione
reductase activity. Thus, promoting the regeneration of
reduced glutathione for normal cell metabolism. This
cardioprotective effect of the extract and aspirin may
be attributed to the terpenoids and cardiac glycosides
constituents of the extract coupled with its antioxidant
propensity.

The activities of CAT, SOD are significantly reduce in
GSH depleted conditions due to pronounced oxidative
stress and accumulation of H,O, making the cells more

- 56 | volo (2) | 2017 | www.informaticsjournals.org/index.php/ajprhc

vulnerable to oxidative stress*. The antioxidant activity
or the inhibition of the generation of free radicals is
important in providing protection against myocardial
infarction®. The reduction in the levels of antioxidant
enzymes (SOD and CAT) following the administration of
CCl, alone indicates the overwhelming of the antioxidant
defence system by CCI, metabolites thus predisposing
the cardiac tissue to increased free radical damage.
The significantly augmented endogenous antioxidant
enzymes following the administration of aspirin and the
extract suggested that free radicals were prevented from
overpowering the antioxidant defence system. These are
indications of antioxidant potentials of the extract of
Costus afer leaves and aspirin.

5. Conclusion

The present study concludes that protective effects of
Costus afer leaf extract against CCIl -induced cardio
toxicity in rats are attributed to its antioxidant components,
contributing to total antioxidant defence system, and
promoting cell membrane stabilization in toxin-induced
cellular damage. Costus afer leaf extract may be one of the
possible protective and therapeutic agents for augmenting
defence mechanisms against oxidative stress caused
during myocardial infarction.
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