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?ﬁ;?;ﬁ;ﬁgjﬁ%;ﬁolog% Background: The leaves of Croton zambesicus (CZ) Muell Arg. (Euphorbiaceae) are used as a spice
Faculty of Pharmaceutical for food and in traditional medicine for the management of several disease conditions, including
Sciences, University of hypertension and diabetes. The study was carried out to determine the cardioprotective effects of
Ilorin, Kwara State, Nigeria. CZ leaf extract and n-butanol fraction on carbon tetrachloride (CCl ,) -induced toxicity. Male albino
Phone: +23408033908610. rats were treated for 5 days with CZ extract, n-butanol fraction, and ascorbic acid. Materials and
E-mail: ayanniyi.ro@unilorin. | Method: On day 6, CCl, was administered subcutaneously for 3 days to rats in Groups II-VII and
edung treated concurrently for 3 days with aqueous leaf extract of CZ, n-butanol fraction, and ascorbic acid.
Serum levels of cardiac function markers, creatine-kinase myocardial band (CK-MB) fraction, lactate
dehydrogenase (LDH) were evaluated. Antioxidant enzymes, superoxide dismutase (SOD), catalase
(CAT), glutathione (GSH), oxidized GSH (GPx), and malondialdehyde (MDA) were also determined.
Results: Aqueous leaf extract and n-butanol fraction significantly (P < 0.05) decreased serum
concentration of CK-MB and LDH. In addition, there was a significant (P < 0.001) increase in activity
of antioxidant enzymes (SOD, CAT, GSH, and GPx) with a significant (P < 0.05) decrease in the
concentration of MDA. Conclusion: Results from this study revealed the aqueous leaf extract of CZ
attenuated toxic effects of CCl, on the heart and thus found to have a protective potential.
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INTRODUCTION

edicinal plants and herbal species have been used
Min traditional medicine for the prevention and

management of various diseases. The majority of the
population in African countries resort to alternative therapies
from herbal sources because they are easily accessible and
affordable.!*? Plants are rich in secondary metabolites which
have potent antioxidant activity. They decrease oxidative
stress and are beneficial in the management of chronic non-
communicable diseases.” Carbon tetrachloride (CCL) is
often employed to induce oxidative stress by producing free
radicals in the heart, kidney, liver, and brain of experimental

The protective effect of medicinal plants is often produced
through increased expression of antioxidants which act on free
radicals to prevent their toxic effects on vital cells, tissues, and
organs.!

Croton zambesicus (CZ) Muell Arg. (Euphorbiaceae) is
a medicinal plant widely distributed in Nigeria and West
African sub-region. The leaves are used by traditional
medicine practitioners in the treatment of several ailments,
including wounds, inflammation, epilepsy, hypertension,
diabetes, and kidney disease.®®! The leaves and fruits
are also used traditionally to make sauces, spices, and
flavorings. The in vitro antioxidant,! hypotensive, anti-
diabetic,!™ and nephron-protective activities of CZ have

animals.™*’ Administration of CCI, induces cardiac toxicity
by producing ROS that inhibits endogenous antioxidant
enzymes such as superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), and oxidized GSH (GPx).[®

been reported.l'? The aim of the present study was to
evaluate the protective effect of the aqueous leaf extract
and n-butanol fraction of CZ against CCl,-induced cardiac
toxicity in rats.
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MATERIALS AND METHODS
Chemicals

CCl,, n-butanol, acetylsalicylic acid purchased from (Sigma-
Aldrich USA). Assay kit (ELISA) for the creatine-kinase
myocardial band (CK-MB), lactate dehydrogenase (LDH),
SOD, CAT, GSH, GPx, and malondialdehyde (MDA) Purchased
from (Cusabio Technology, USA).

Collection and Identification of Plant
Material

Fresh leaves of CZ were collected in Ilorin, Kwara State-Nigeria.
Identification and authentication were done by Mr. Ibrahim of
Botany Department, University of Ilorin, Nigeria. A voucher
specimen was deposited in the herbarium of Pharmacognosy
Department, University of Ilorin, Nigeria.

Preparation of Aqueous Leaf Extract

Leaves of CZ were dried in the shade for 2 weeks. A laboratory
mill was used to reduce the leaves to smaller particle sizes.
The milled-leaf was weighed and macerated with distilled
water for 24 h. The aqueous extract obtained was filtered and
concentrated over a water bath at 50-55°C.

Partitioning of Aqueous Leaf Extract of CZ

The concentrated extract (20 g) was weighed and dissolved
in 200 ml water. The aqueous solution was transferred into
a separating funnel containing 200 ml of n-butanol. The
funnel was shaken gently, left to stand for a few minutes
before collecting the aqueous and n-butanol fractions in
separate beakers. This procedure was repeated twice, the
aqueous fraction was discarded, and n-butanol fraction was
concentrated over a water bath at 50-55°C.

Ethical Approval

Ethics clearance with  approval number (UERC/
ASN/2018/1110) was obtained from the University of Ilorin’s
Ethics Review Committee. Experiments were carried out
in accordance with the International Animal Care and Use
Committee guideline in Nigeria.

Study Design

The dose of aqueous and n-butanol extracts is different and
was determined from a pilot study. The n-butanol dose used
was the potent dose with activity. Albino rats were divided
into groups and treated through the oral route for 5 days as
follows: Groups I and II (normal saline, 0.2 ml of 0.9 %);
Groups III and IV (CZ aqueous extract 200 and 400 mg/kg);
Groups V and VI (n-butanol fraction 20 mg and 40 mg/kg);
and Group VII (ascorbic acid 10 mg/kg).!* In addition, CCl, in
olive oil (2 ml/kg of 40% subcutaneously) was administered
starting from day 6 of the experiment to rats in Groups II-VII
and were treated concurrently for 3 days with aqueous leaf
extract and n-butanol fraction of CZ. On day 9, rats were
anesthetized with an intraperitoneal injection of ketamine (60
mg/kg) and xylazine (7.5 mg/kg). Animals were sacrificed,
blood collected, and heart removed for biochemical analysis.

Preparation of Serum and Tissue
Homogenate

Blood sample was collected through the cardiac puncture, put
in plain bottles, and allowed to clot. The serum obtained was
stored at —20°C for the determination of serum creatinine MB
and lactate dehydrogenase activity. The heart was removed
and placed immediately on ice-cold 0.25 M sucrose. A piece
of heart tissue was homogenized and centrifuged at 5000 rpm
for 10 min at 4-6°C. The supernatant obtained was transferred
into Eppendorf tubes and stored on ice.

Determination of Markers of Cardiac
Function in Serum

Serum (CK-MB) and LDH activity were determined using
the methods described by Young 1990"4 and Lorentz et al.
1993,1% respectively.

CK-MB activity was determined by spectrophotometric
assay and rate of nicotinamide adenine dinucleotide phosphate
(NADPH) formation was measured at 340 nM.

LDH was determined by pipetting Tris-HCI, nicotinamide
adenine dinucleotide (NADH), and sodium pyruvate into a
cuvette. This was incubated in the spectrophotometer for
4-5 min. To determine LDH activity, the diluted enzyme was
added and reduced form of NADH was measured at 340 nm.

Determination of Cardiac Tissue
Antioxidant Enzyme

SOD, CAT, GSH reductase, GSH peroxidase, and MDA were
all determined by methods of Boveris,¢! Aebi,'”! Igbal,*® and
Draper and Hadley,'**! respectively.

SOD activity was determined by measuring the rate
of inhibition of autocatalytic adrenochrome formation
in a reaction buffer containing adrenaline and glycine-
sodium hydroxide at 560 nm. CAT activity was determined
by sonicating homogenates in phosphate buffer and
supernatant assayed by measuring the rate of decrease
in hydrogen peroxide absorbance at 240 nm. GSH
reductase activity was determined by assays measuring the
oxidation of NADPH in the presence of exogenous GSH,
cumene hydroperoxide, and GSH reductase. Absorbance
was measured at 340 nm. GSH peroxidase activity was
determined by adding homogenate to a reaction mixture
consisting of phosphate buffer, ethylenediaminetetraacetic
acid, sodium azide, GSH reductase NADPH, and hydrogen
peroxide. Absorbance was read in microplate wells at
340 nm.

MDA activity (lipid peroxidation) was evaluated by
adding trichloroacetic acetic to homogenates and centrifuged.
The supernatant was mixed with thiobarbituric acid and
incubated. Absorbance was measured at 532 nM.

Statistical Analysis

GraphPad Prism Software Version 6.0 was used for analysis
and data expressed as mean * standard deviation. One-way
ANOVA was used to compare the control and treated groups.
Statistical significance was taken at P < 0.001.
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RESULTS

Extract of CZ on Serum CK-MB and LDH in
CCl,-induced Cardiac Toxicity

Administration of CCl, through subcutaneous route to rats in
Group II produced a significant (P < 0.05) increase in serum
CK-MB concentration (6.39 * 0.55 ng/ml) compared to
animals in control group (3.54 = 0.41 ng/ml). Treatment of
rats with aqueous extract (400 mg/kg) produced significant
decrease (P < 0.001) in concentration of CK-MB (1.97 =+
0.01 ng/ml). N-butanol fraction (40 mg/kg) caused a
significant increase (P < 0.001) in serum CK-MB (8.32 =+
0.50 ng/ml). There was a significant (P < 0.05) decrease in
serum LDH (8.01 = 0.01 U/1) with n-butanol fraction (40
mg/kg) compared to CCl, treated group (10.50 + 2.84 U/I).
Ascorbic acid (10 mg/kg) also produced a decreased LDH
(8.10 = 5.72 U/1) concentration [Table 1].

Aqueous Leaf Extract of CZ and n-butanol
Fraction on Antioxidant Enzymes in
Cardiac Tissue

CCl, administration to rats in Group II produced significant
(P < 0.05) decrease in SOD, CAT, GR, and GPx concentration
compared with control Group I. The SOD concentration
for CCl, treated group was (6.10 = 0.21 units/mg protein)
with aqueous extract (400 mg/kg) and n-butanol fraction
(40 mg/kg) reversing this effect and produced a significant
(P < 0.001) increase in SOD (32.51 = 4.44 and 23.39 =*
1.22 units/mg protein), respectively. In addition, there was a

Table 1: Effect of aqueous leaf extract of Croton zambesicus and
n-butanol fraction on serum CK-MB and LDH concentration

Group Treatment CK-MB ng/ml LDH U/L
I Control 8.76+0.04 8.09+0.00
I Ccl, 14.75+0.28 10.5+2.84
111 CZ 200 mg/kg + CCl, 11.70%0.00 12.14+0.00
v CZ 400 mg/kg + CCl, 10.33+£2.38**  10.12+2.02
\Y NBF 20 mg/kg + CCl, 20.23+1.00 9.16%1.06
VI NBF 40 mg/kg + CCI, 19.26+1.23 8.01+0.00*
viI Ascorbic acid 10 mg/kg 11.00+084**  8.10+4.05*

*P<0.05, **P<0.001 versus Group II, n=5. CCl,: Carbon tetrachloride,
NBF: n-butanol fraction, CK-MB: Creatine-kinase myocardial band,
LDH: Lactate dehydrogenase

significant (P < 0.001) increase in CAT concentration (46.46
+ 1.45 and 49.27 + 2.12 units/mg protein), respectively,
compared with CCl, control (31.12 + 0.36) and increased
concentration of GR (29.14 = 0.46 and 30.07 + 0.28 units/mg
protein), respectively, compared with CCl, control (19.75 +
0.75) in Groups III and IV animals treated with (200 and
400 mg/kg) aqueous extract of CZ, respectively [Table 2].

The aqueous extract (200 and 400 mg/kg) produced an increase
in activity of GPx (35.21 + 5.01 and 43.96 + 8.55 units/mg
protein), respectively, compared with the CCl, treated group
(1.67 = 0.24 unit/mg protein) and (12.71 * 1.46 unit/mg
protein) for ascorbic acid treated group [Table 2].

CCl, also produced a significant (P < 0.05) increase in
MDA concentration (12.99 * 3.38 unit/mg protein) and this
effect was reversed by 200 and 20 mg/kg of leaf extract and
n-butanol fraction (8.59 = 0.20 and 9.53 = 0.85 unit/mg
protein), respectively [Table 2].

DISCUSSION

CZ leaf is used as a food spice and by traditional medicine
practitioners in the treatment of chronic disease conditions.
Reactive oxygen species often cause oxidative stress and have
been linked to the pathogenesis of chronic diseases.?” In
experimental animals, the administration of CCI, often causes
the production of reactive oxygen species, resulting in oxidative
stress.””!! Subcutaneous administration of CCl, in rats produces
acute toxic effects in cardiac tissue, resulting in an increase in
serum concentration of CK-MB and LDH.

The aqueous leaf extract of CZ prevented the toxic effect
of CCl, with a resultant decrease in serum concentration of
CK-MB and LDH, respectively. This effect was similar to that
produced by ascorbic acid (an antioxidant drug). The aqueous
extract increased serum markers of cardiac function and was
nontoxic compared to an n-butanol fraction. A significant
increase in CK-MB concentration was observed in animal
treated with 20 and 40 mg/kg n-butanol fraction when
compared with untreated control Group II that received CCl,
only. CK-MB is an enzyme in the myocardium that indicates
the extent of injury to cardiac cells.?2

The increased serum CK-MB concentration in this group
may be due to the toxic effect of n-butanol fraction on
cardiac tissue. An increased concentration of CK-MB in serum
has been attributed to a disturbance in the membrane of

Table 2: Effect of aqueous leaf extract of Croton zambesicus and n-butanol fraction on serum SOD, CAT, GR, and GPx concentration

Group Treatment SOD Units/mg CAT Units/mg GR Units/mg GPx Units/mg MDA Units/
protein protein protein protein mg protein
I Control 10.22+0.31 35.17+7.48 24.46=0.64 3.2+095 7.95+0.46
I Ccl, 6.10+0.21 31.12+0.36 19.75+0.75 1.67+024 12.99+3.38
I CZ 200 mg/kg + CCl, 11.16x1.05 46.46+1.45%* 29.14+0.46** 35.21+5.01** 8.59+0.20
I\Y% CZ 400 mg/kg + CCl, 32.51+4.44%* 49.27+2.12%* 30.07+0.28** 43.96+8.55%* 10.34+0.05
\% NBF 20 mg/kg + CCl, 10.50+0.70 29.35+3.75 22.14+0.19 4.58+1.18 9.53+0.85
VI NBF 40 mg/kg + CCl, 23.39+1.22%* 36.98+3.20 25.33+1.34 4.37+0.29 10.81+0.94
VII Ascorbic acid 10 mg/kg 13.18+0.25 42.90+1.57** 27.17+0.62%* 12.71+1.46%* 7.12+0.15

*P<0.05, **P<0.001 versus Group II, n=5. CCl,: Carbon tetrachloride, NBF: n-butanol fraction, SOD: Superoxide dismutase, CAT: Catalase, GPx: Oxidized

glutathione, GSH: Glutathione, MDA: Malondialdehyde
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cardiac cells from peroxidation caused by free radicals. This
results in leakage of enzymes into plasma with an increased
concentration in serum.!

There was a decrease in the concentration of SOD, CAT,
GSH, and GPx with subcutaneous administration of CCl,.
The aqueous extract prevented the toxic effect of CCl, with
increased activity of antioxidant enzymes (SOD, CAT, GSH, and
GPx) in cardiac tissue. In addition, an increased concentration
of MDA produced by CCl, was inhibited by aqueous extract
and n-butanol fraction. These findings are similar to those
obtained from studies on the protective activity of leaf extracts
of Carissa opaca® and Cornus mas.

The aqueous leaf extract of CZ significantly attenuated
the toxic effects of CCl, by restoring the alterations in cardiac
function and activity of antioxidant enzymes. Antioxidant
enzymes have been reported to inhibit the formation or
scavenge free radicals and thus play a significant role in
protecting various tissues and organs.®!

Preliminary phytochemical analysis of the aqueous
leaf extract of CZ revealed presence of flavonoids, tannins,
saponins, triterpenes, alkaloids, and cardiac glycosides.?® The
protective effect may be attributed to the antioxidant activity
of phytochemicals present in the aqueous leaf extract.®

CONCLUSION

The aqueous leaf extract of CZ was found to have protective
potential and ameliorated the toxic effects induced by CCl, on
cardiac tissue.

REFERENCES

1. Holcombe C, Omotara BA, Padonu MK, Bassi AP The prevalence
of symptoms of dyspepsia in north eastern Nigeria. A random
community based survey. Trop Geogr Med 1991;43:209-14.

2. WHO: Traditional Medicial Strategy: 2014-2023; 2014. Available
from: http://www.who.int/medicines/publications/traditional/
trm_Strategyl4 23/en. [Last accessed on 2020 Jan 22].

3. Krishnaiah D, Sarbatly R, Nithyanandam R. A review of the
antioxidant potential of medicinal plant species. Food Bioprod
Process 2011;89:217-33.

4. Ighadaro OM, Akinloye OA. First line defense antioxidants-
superoxide dismutase (SOD), catalase (CAT) and gluthione
peroxide (GPX): Their fundamental role in the entire antioxidant
defense grid. Alex J Med 2018;54:287-93.

5. Shenoy KA, Somayaji SN, Bairy KL. Hepaoprotective effects of
Ginkgo biloba against carbon tetrachloride induced hepatic injury
in rats. Indian J Pharmacol 2001;33:260-6.

6. Khan RA. Protective effects of Sonchus asper (L.) Hill, (Asteraceae)
against CCl,-induced oxidative stress in the thyroid tissue of rats.
BMC Complement Altern Med 2012;12:181.

7. Szymonik-Lesiuk S, Czechowska G, Stryjecka-Zimmer M,
Stomka M, M-ldro A, Celi-ski K, et al. Catalase, superoxide
dismutase, and glutathione peroxidase activities in various rat
tissues after carbon tetrachloride intoxication. J Hepatobiliary

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Pancreat Surg 2003;10:309-315.

Burkill HM. The Useful Plants of West Tropical Africa. 2™ ed.
Kew, UK: Royal Botanic Gardens; 1985.

Aderogba MA, McGraw LJ, Bezabih M, Abegaz BM. Isolation
and characterization of novel antioxidant constituents of Croton
zambesicus leaf extract. Nat Prod Res 2011;25:1224-33.
Ayanniyi RO, Maiha BB, Salawu OA, Akanbi HJ. Hypotensive
activity of aqueous leaf extract of Croton zambesicus Linn
Euphorbiaceae. Centrepoint J 2014;24:1-9.

Okokon JE, Bassey AL, Obot J. Antidiabetic activity of ethanolic
leaf extract of Croton zambesicus muell. In alloxan diabetic rats.
Afr J Trad Complement Altern Med 2006;3:21-6.

Ayanniyi RO, Olumoh-Abdul HA, Ojuade FI, Abdullahi AA,
Anafi SB. The protective effect of Croton zambesicus against
carbon tetrachloride-induced renal toxicity in rats. Iran J Toxi
2019;13:5-8.

Adeneye AA, Awodele O, Aiyeola SA, Benebo AS. Modulatory
potentials of the aqueous stem bark extract of Mangifera indica
on carbon tetrachloride-induced hepatotoxicity in rats. J Tradit
Complement Med 2015;5:106-15.

Young DS. Effects of Drugs on Clinical Laboratory Tests. 3™ ed.,
Vol. 3. Washington, DC: AACC Press; 1990. p. 356-7.

Lorentz K, Klauke R, Schmidt E. Recommendation for the
determination of the catalytic concentration of lactate
dehydrogenase at 37°C. Eur J Clin Chem Clin Biochem
1993;31:897-9.

Boveris A. Determination of the production of superoxide radicals
and hydrogen peroxide in mitochondria. Methods Enzymol
1984;105:429-35.

Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.
Igbal M, Sharma S, Rezazadeh H, Hasan N, Abdulla M, Athar MJ.
Glutathione metabolizing enzymes and oxidative stress in
ferric nitrilotriacetate mediated hepatic injury. J Redox Rep
1996;2:385-91.

Draper HH, Hadley M. Malondialdehyde determination as index
of lipid peroxidation. Methods Enzymol 1990;186:421-31.
Giustraini D, Dalle-Donne I, Tsikas D, Rossi R. Oxidative stress
and human diseases: Origin, link, measurement, mechanisms
and biomarkers. Crit Rev Clin Lab Sci 2009;46:241-81.
Al-Shabanah OA, Alam K, Nagi MN, Al-Rikabi AC, Al-Bekairi AM.
Protective effect of aminoguanidine, a nitric oxide synthase
inhibitor, against carbon tetrachloride induced hepatotoxicity in
mice. Life Sci J 1999;66:265-70.

Adams JE, Abendschein DR, Jaffe AS. Biochemical markers of
myocardial injury. Is MB creatine kinase the choice for 1990s?
Circulation 1994;88:750-63.

Cheeseman KJ. Mechanisms and effects of lipid peroxidation.
Mol Aspects Med 1993;14:191-7.

Sahreen S, Khan MR, Khan RA, Alkreathy HM. Cardioprotective
role of leaves extracts of Carissa opaca against CCl, induced
toxicity in rats. BMC Res Notes 2014;7:224.

Eshaghi M, Zare S, Banihabib N, Nejati V; Farokhi E Mikaili P
Cardioprotective effect of Cornus mas fruit extract against carbon
tetrachloride induced-cardiotoxicity in albino rats. J Basic Appl
Sci Res 2012;2:11106-14.

Ayanniyi RO, Maiha BB, Biliamin SA, Akanbi HJ. Phytochemical
screening and evaluation of diuretic activity of the aqueous leaf
extract of Croton zambesicus Linn. (Euphorbiaceae) in albino rats.
Centrepoint J 2016;22:91-100.

219 http://www.tjps.pharm.chula.ac.th

TJPS 2020, 44 (4): 216-219



