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Abstract The aim of the current study was to
evaluate the cardioprotective ability of water (WE)
and ethanolic (EE) papaya fruits extracts against
cardiotoxicity induced by aflatoxin B; (AFB) in rats.
Forty two female Sprague—Dawley rats were divided
into six treatment groups and treated orally for 2 weeks
as follow: control group, the group treated with
WE (250 mg/kg b.w), the group treated with EE
(250 mg/kg b.w), the group treated orally with AFB,
(17 pg/kgb.w) and the groups treated orally with AFB,
plus WE or EE. The results indicated that treatment
with AFB, resulted in oxidative stress in the heart
manifested by the marked increase in cardiac mal-
ondialdehyde and calcium levels accompanied with a
significant decrease in cardiac total antioxidant capac-
ity. Serum nitric oxide and sodium levels, lactate
dehydrogenase and creatine kinase isoenzyme activi-
ties were significantly increased, whereas, cardiac
Na™/K*-ATPase activity and serum potassium were
insignificantly affected. Supplementation with WE or
EE effectively ameliorated most of the changes
induced by AFB;. It could be concluded that both
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extracts attenuated the oxidative stress induced in heart
tissue by AFB; and WE was more pronounced due to
the higher total phenolic contents than in the EE.

Keywords Aflatoxin B; - Papaya - Heart -
Oxidative stress - Antioxidant

Introduction

Aflatoxins (AFs) belong to a group of toxic and
carcinogenic secondary metabolites produced by
Aspergillus flavus and Aspergillus parasiticus (Rustom
1997; Bernabucci et al. 2011). AFs pose major health
and economic problems worldwide, as evidenced by
their frequent detection in food and agricultural
commodities (Wild and Gong 2010). Aflatoxin B,
(AFB,) has been classified as a Group 1 carcinogen by
the International Agency for Research on Cancer
(IARC 2002). The biotransformation of AFB; in the
liver by microsomal enzymes results in the generation
of toxic metabolites, including AFB;-8,9-epoxide.
The toxic effects of AFs mostly arise from the binding
of this particular epoxide derivative to DNA (Rawal
et al. 2010). Reactive oxygen species such as the
hydroxyl radical, superoxide anion and hydrogen
peroxide, which are generated as a result of this
metabolism, are also involved in the toxic mecha-
nism of AFs (Choi et al. 2010; El-Agamy 2010).
Ingestion of AFB;-contaminated food and feed is
known to cause hepatotoxicity (Abdel-Wahhab et al.
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2010), teratogenicity (Wangikar et al. 2005), immuno-
toxicity (IPCS-WHO 1998), kidney and heart damage
(Abdulmajeed 2011) and even death in farm animals
and humans (Guindon et al. 2007).

Heart diseases are the leading cause of death in
developed countries. Experimental and clinical studies
have shown that reactive oxygen species (ROS) are
involved in the formation of lipid peroxides, damage
of cell membrane and destruction of antioxidant
capacity which thereby results in myocardial cell
membrane destruction (Rajadurai and Prince 2007).
Phytochemicals from fruits and vegetables have been
shown to exert varied beneficial biological actions. For
instance, flavonoids, the most common polyphenols
found in plants, have been associated with the
cardiovascular protective effects of various vegetables
and fruits (Harborne and Williams 2000).

Papaya (Carica papayal..) is afruit that is well known
for its nutritional and medicinal values. Papaya contains
a-tocopherol (Ching and Mohamed 2001), lycopene
(van Breemen and Pajkovic 2008), benzylisothiocyanate
(Basu and Haldar 2008), proteolytic enzymes such as
papain and chymopapain, cystatin, ascorbic acid, cya-
nogenic glucosides and glucosinolates (Seigler et al.
2002), alkaloids, such as carpain and carpasemine (Iyer
et al. 2011), triterpenes, organic acids (Osuna-Torres
et al. 2005) and flavonoids (Miean and Mohamed 2001).
Moreover, the ethanolic extract (EE) is known to contain
sulfurous compounds (benzyl isothiocyanate). Beside
the total soluble phenols, Mahattanatawee et al. (2006)
reported that papaya is rich in total ascorbic acid, total
dietary fiber, and pectin. Moreover, Otsukia et al. (2010)
reported that papaya is a good source of vitamins A, C, E
and K as well as folate, in addition it is fat-free,
cholesterol-free and low in sodium which suggests the
potential beneficial effects. The current study was
conducted to evaluate the protective role of water extract
(WE) and ethanolic extract (EE) of Egyptian papaya fruit
against AFB;-induced cardiotoxicity and in rats.

Materials and methods
Chemicals and Kkits
Aflatoxin B, standards were purchased from Sigma

Chemical Co. (St. Louis, MO, USA). Kits for Creatine
kinase isoenzyme (CK-MB) was purchased from
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Spinreact S.A. (Vall D’En Bas, Spain). Lactate
dehydrogenase (LDH) kit was purchased from Stanbio
Laboratory (Boerne, TX, USA). Total antioxidant
capacity (TAC) and malondialdehyde (MDA) kits
were purchased from Biodiagnostic Co. (Cairo,
Egypt). Nitric oxide (NO) kit was purchased from R
& D System GmbH (Wiesbaden, Germany). Calcium
kit was purchased from Randox Laboratories LTD Co.
(Antrim, UK). Sodium (Na™) potassium (K') kits
were purchased from Quimica Clinica Aplicada S.A.
(Amposta, Spain). Other chemicals were of the highest
purity commercially available.

Preparation of extracts

Carica papaya fruits were collected from a farm
located in Qalubia region (Egypt). The fruits were
identified in the Fruits Department, National Research
Centre (NRC) and the voucher kept in the herbarium
of NRC. The amount of plant used was 500 g. The
fruits of papaya were peeled manually, cut into small
pieces, dried and powdered. A crude WE was prepared
by a maceration process (Rajkapoor et al. 2002). The
filtrate was subjected to a lypholyzation process
through freeze drier under pressure, 0.1-0.5 mbar
and temperature —35 to —41 °C. The crude EE was
prepared by soaking and stirring the powder in
absolute ethanol (200 g/500 mL ethanol) for 3 days.
The extract was filtered and the residue re-extracted
twice using ethanol. The pooled extract was vacuum-
dried at 40 °C using a rotary evaporator. Both the dry
water and ethanolic extracts were stored at —20 °C
until analysis. These procedures resulted in an approx-
imate yield of 13 % (w/w) of EE and 27 % (w/w) of
WE based on the dry weight.

Experimental animals

Adult female Sprague—Dawley rats (120-150 g) were
purchased from the Animal House Colony of the
National Research Centre (Cairo, Egypt). The envi-
ronmental conditions were standardized with respect
to temperature, humidity and light. All animals
received human care in compliance with the standard
institution’s criteria for the care and use of experi-
mental animals. The safety measures recommended by
WHO (1998) were taken when handling the AFB;.
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Experimental design

The animals were distributed into six groups (7 rats/
group) and orally treated daily for 2 weeks as follows:
group 1, untreated control; group 2, rats treated orally
with WE of C. papaya (250 mg/kg b.w) in corn oil;
group 3, rats treated orally with EE of C. papaya
(250 mg/kg b.w) in corn oil; group 4, rats were treated
orally with AFB; (17 pg/kg b.w) in corn oil; groups 5
and 6, rats treated orally with AFB; and WE or EE,
respectively. The animals were observed daily for
signs of toxicity. At the end of the experimental
period, rats were fasted overnight, fasting blood
samples were collected from the retro-orbital venous
plexus under diethyl ether anesthesia. The blood
samples were left to clot and then centrifuged at
3,000 rpm for 15 min at4 °C. The sera were separated
and stored at —20 °C until the determination of
creatine kinase isoenzyme (CK-MB) activity, lactate
dehydrogenase (LDH) activity, nitric oxide (NO)
level, sodium (Na™) and potassium (K*) concentra-
tion were determined according to the instructions of
the kits.

After the collection of blood samples, all animals
were rapidly sacrificed and the hearts were removed.
The heart tissues were then immediately homogenized
to give 10 % (w/v) homogenate in ice-cold buffer
containing 50 mM Tris—HCl and 300 mM sucrose
(pH 7.4) as described by Tsakiris et al. (2004). The
homogenate was centrifuged at 3,000 rpm for 10 min
in a cooling centrifuge at 0 °C. The supernatant
(10 %) was used for the determination of Nat/K™-
ATPase activity (Tsakiris et al. 2000), malondialde-
hyde (Ruiz-Larnea et al. 1994), total antioxidant
capacity (Koracevic et al. 2001) and calcium levels
(Barnett et al. 1973).

Statistical analysis

The data of the in vitro determinations were analyzed
using the Student t test. The data of the in vivo study
were subjected to one way analysis of variance
(ANOVA). The analysis was performed using statis-
tical analysis system (SAS) program software (copy-
right, 1998 by SAS Institute Inc., Cary, NC, USA).
Duncan’s multiple range test was used to clarify the
significance between the individual groups at proba-
bility level P < 0.01 (Steel and Torrie 1960).

Results

The results presented in Fig. 1 indicated that animals
treated with AFB; showed a significant increase in
LDH and CK-MB activities compared to the control
group or those treated with WE or EE alone. Animals
treated with AFB| and having received either WE or EE
showed a significant improvement in the activity
of LDA, however; CK-MB showed insignificant
improvement. This improvement was more pronounced
in the group treated with AFB, and WE.

The current results also indicated that animals
intoxicated with AFB; showed significant increases in
cardiac MDA and Ca™* levels accompanied with a
significant decrease in TAC and ATPase (Table 1).
Both extracts did not induce a significant effect on
cardiac Cat™ levels and ATPase, however, they
induced a significant decrease in MDA and a signif-
icant increase in TAC in cardiac tissue. Animals
treated with AFB; and treated with the extracts
showed a significant improvement in all tested
parameters in cardiac tissue. The data also showed
that WE was more effective to reduce MDA, Cat™
levels and ATPase and normalized TAC in animals
treated with AFB ;. However, EE improved MDA and
ATPase, increased TAC and normalized Ca™™ levels
in cardiac tissue of rats treated with AFB; (Table 1).

The data presented in Table 2 indicated that
treatment with AFB resulted in a significant increase
in serum NO level compared to the control or to the
groups treated with the extracts alone. Treatment with
WE alone induced a significant decrease in serum NO
and K level, however; it did not induce a significant
effect on serum Na® level. On the other hand,
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Fig. 1 Effect of water (WE) and ethanolic (EE) extracts of
papaya fruit on the activity of lactate dehydrogenase (LDH) and
creatine kinase isoenzyme (CK-MB) in rats treated with AFB;
(Within each column, means superscript with different letters
are significant differences at P < 0.01.)
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Table 1 Effect of water extract (WE) and ethanolic extract (EE) of papaya fruit on cardiac oxidant-antioxidant status and ATPase in

rats treated with AFB;

Groups parameters Control WE EE AFB; AFB; + WE AFB; + EE

MDA (nmol/g) 1415 + 825" 8854 6.53° 1182 4 13.63™ 229.8 + 6.0° 1047 + 7.4 115.5 4+ 9.61
TAC (umol/g) 28.17 + 1.82° 44,50 £2.91°  34.33 £ 3.50  22.80 + 2.0° 27.50 4+ 0.22°  35.0 £ 1.22%
Cat™ (mg/g) 312 £ 0.15% 3274+ 0.17°  32.6 £ 0.20% 36.8 £+ 0.2° 26.0 £ 0.07°  31.5 + 0.22%®
ATPase (umol pi/h/g) 304.0 £ 2.49* 2960 + 3.54*  310.8 & 13.0° 2747 &+ 12.30* 286.2 + 325"  283.0 + 2.88°

Within each raw, means superscripts with different letters are significantly different compared to the control (P < 0.01)

treatment with EE alone resulted in a significant
decrease in serum K™ level and Na™ level and did not
induce a significant effect on serum NO compared to
the control group. Animals treated with AFB; and with
the extracts showed a significant improvement in
serum NO and K™ level, however; these extracts failed
to normalize the serum Na™ level which was still
lower compared to the control group.

Discussion

In the current study, we determined the cardiotoxicity
of AFB, and evaluated the protective role of the water
and ethanolic extract of papaya fruits. The selected
dose of AFB, and the extracts were literature based
(Abdel-Wahhab et al. 2006; Rajkapoor et al. 2002). It
is well documented that oxidative stress is one of the
important manifestation of AFB; exposure. Increasing
data suggest that physiological levels of ROS may
play an important role in normal cell signaling. In
contrast, under pathophysiological conditions, such as
myocardial ischemia—reperfusion injury and cardio-
myopathy, ROS production increases and exceeds the
antioxidant defense of the cell. Thus, a large transient
increase or a moderate sustained increase in ROS is
suggested to be detrimental and to contribute to heart
diseases and myocyte death (Madamanchi et al. 2005).

In the present study, CK-MB and LDH levels
increased significantly in AFB-treated animals which
indicates the presence of damaging impact and
toxicity to cardiac tissue and agrees with the previous
reports suggesting that exposure to AFB; causes heart
defects (Pasha et al. 2007; Abdulmajeed 2011). CK-
MB is the most sensitive and specific indicator
available for the diagnosis of damage to the heart.
The mechanism for the release of this marker into
circulation seems to be from ventricular remodeling,
ongoing cardiomyocyte degeneration, the presence of
coronary artery disease and reduced coronary reserve
(Potluri et al. 2004). LDH is considered as indicator of
myocardial infarction. It is found in the cytoplasm of
almost all body tissues, where its main function is to
catalyze the oxidation of 1-lactate to pyruvate and it is
assayed as a measure of anaerobic carbohydrate
metabolism (Yee et al. 2003).

Aflatoxin B, induces oxidative stress in heart as
indicated by the elevation of cardiac MDA concom-
itant with the significant decrease in tissue TAC.
Several reports suggested that AFB; exerts its toxicity
through the formation of AFB; 8,9-epoxide and the
generation of intracellular ROS, like superoxide
anion, hydroxyl radical and hydrogen peroxide (Berg
et al. 2004) during the metabolic processing of AFB,
by cytochrome P450 in the liver (Galvano et al. 2001).
These species may attack the highly unsaturated fatty
acids of the cell membrane of the heart to induce lipid

Table 2 Effect of water extract (WE) and ethanolic extract (EE) of papaya fruit on serum sodium (Na™), potassium (K*) and nitric

oxide (NO) in rats treated with AFB,

Groups Parameters Control WE EE AFB; AFB; + WE AFB; + EE
NO (umol/L) 82.5 +£3.28%  66.7 +4.42° 86.8+2.60°  139.6 + 6.0° 102.5 + 4.0° 122.0 £ 2.0°
Na* (mmol/L) 51.2 & 2.70° 48.0 £ 5.1 423 4+ 2.05%° 36.8 £ 1.59° 37.8 + 1.38% 38.3 + 2.86
K* (mmol/L) 524 + 051 334 +£0.76°  4.89 + 0.31%° 7.19 £ 0.32° 5.50 £ 0.48%® 6.70 £ 70.54°

Within each raw, means superscripts with different letters are significantly different compared to the control (P < 0.01)
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peroxidation and eventually damage membranes
(Schinella et al. 2002) and the subsequent release of
its contents into circulation. It is well known that
cardiomyocytes are particularly susceptible to attack
by free radicals because the activity of antioxidant
defense mechanism is lower than in other tissues
(Singal and Kirshenbaum 1990). This may explain the
observed elevation of cardiac lipid peroxidation
marker (MDA) and the decrement of cardiac TAC in
the animals treated with AFB,; alone in the current
study.

Furthermore, AFB; increased serum NO and car-
diac calcium level. It has been reported that AFB,
induces the production of NO through macrophage
activation (Abdel-Wahhab et al. 2006). NO is a simple
inorganic gaseous free radical. It is an important
signaling molecule synthesized in endothelial cells
and macrophages during the conversion of L-arginine
to citrulline by nitric oxide synthase (Knowles and
Moncada 1994). It plays an important role in the
regulation of cardiac function (Danson et al. 2005). In
addition to activating cyclic guanosine monophos-
phate (cGMP)-dependent signaling pathways, NO can
directly modify sulfhydryl residues of proteins
through S-nitrosylation, which has emerged as an
important posttranslational protein modification based
on prototypic redox mechanisms in signal transduction
(Hess et al. 2005). Increased oxidative stress and the
resultant dysregulation of NO are implicated in the
pathogenesis of cardiovascular diseases. As nitrosa-
tive stress occurs with an increase in reactive nitrogen
species (RNS) and ROS formed from oxidative stress
where the peroxynitrite (OONO™), generated from
NO and superoxide, is a very strong cytotoxic oxidant,
which can irreversibly damage cells by oxidation of
free thiols, nitration of tyrosine residues and lipid
peroxidation (Huang et al. 2001).

In cardiac myocytes, ROS and RNS induce stress-
signaling pathways involved in mitochondrial dys-
function and intracellular Ca®t overload (Ungvari
et al. 2005). Ca®" is an important mediator of cell
injury. It has been reported that an increased intracel-
lular calcium level activates a number of enzymes
with potential deleterious cellular effects. Moreover,
increased intracellular Ca®" levels resulted in
increased mitochondrial permeability and induction
of apoptosis (Ungvari et al. 2005; Park et al. 2008).
ATPases are a class of enzymes that catalyzes the
decomposition of adenosine triphosphate (ATP) into

adenosine diphosphate (ADP) and a free phosphate
ion. Nat/K™-ATPase (also known as the Na®™/K*
pump) is an enzyme located in the plasma membrane
(specifically an electrogenic transmembrane ATPase)
in all animals (Tian et al. 2006). The active transport of
sodium—potassium across the cell membrane is con-
trolled by Na'/K'-ATPase enzyme, which is an
integral plasma membrane protein responsible for a
large part of the energy consumption constituting the
cellular metabolic rate (Dixon et al. 1971). Nat/K™*-
ATPase pump which is fueled by oxidative energy
continually transports K™ cation into the cell against
the concentration gradient. This pump is a critical
factor in controlling intracellular volume, maintaining
and adjusting the ionic gradients on which nerve
impulse transmission and contractility of cardiac and
skeletal muscle depend (Scott et al. 1999). This
suggestion is supported by the results of Abdulmajeed
(2011) who demonstrated that aflatoxicosis interferes
with the cellular energy supply of rat hearts through its
inhibitory action on some markers of the energy
metabolism indicated by a decrease in glucose and
glycogen contents of the heart tissue and a reduction in
the activities of some glycolytic enzymes such as
phosphogluco-isomerase (PGI) and glyceraldehyde
3-phosphate dehydrogenase.

Another mechanism for AFB;-induced cardiotox-
icity that might be taken into consideration is the toxic
action of AFB, on liver function which leads to a
disturbance in the lipid metabolism resulting in
increased levels of total cholesterol, triglycerides and
low density lipoprotein in the blood stream (Abdel-
Wahhab et al. 2006, 2010). This increment showed
that aflatoxin may reduce the rate of cholesterol and
triglycerides catabolism and increase the risk for
atherosclerosis. This suggestion is asserted by the
results of Tamer et al. (2002) who found a significant
positive correlation between the concentration of both
cholesterol and LDL in patients with myocardial
infarction.

In the current study, both ethanolic and water
papaya extracts offered protection against the oxida-
tive stress caused by AFB intoxication. This appeared
from the restoration of the endogenous antioxidants,
and decreased MDA and NO formation that were
significantly altered by AFB intoxication, suggesting
the antioxidant potentials of these extracts. The free
radical trapping capacity of papaya extracts may
reside mainly in their phenolic contents. These
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compounds possibly prevent ROS from acting on the
macromolecules such as DNA, lipids and proteins
suggesting a possible role of these extracts as a chain
breaking antioxidant against lipid peroxidation. This
in turn stabilizes the membrane permeability of
cardiomyocytes and consequently prevents the exces-
sive release of CK-MB and LDH enzymes into
circulation, decreases the dramatic elevation of Ca™?
in cardiomyocytes and keeps normal Na*/K*-ATPase
activity which controls the active transport of sodium
and potassium across the cell membrane.

Noteworthy, the antioxidant activity of the water
extract in the current study is more pronounced than
that of the ethanolic extract. Perhaps this is due to the
compositional difference of phenolics in the extracts
(Harborne and Williams 2000). Calliste et al. (2001),
suggested that phenolic compounds are distributed in
different solvents according to the function of polarity.
Based on this reason, water extract contains the most
polar compounds such as triglycosyl flavonoids and
high molecular weight compounds. These facts might
explain the stronger scavenging and antioxidant
activity of water extract compared with ethanolic
extract of papaya.

It is well known that most phenolic compounds
present in fruits and vegetables exhibit some level of
antioxidant capacity (Harborne and Williams 2000).
They appear to be able to regulate antioxidant enzyme
gene transcription and intercellular signalling cas-
cades involved in the regulation of cell growth,
inflammation and many other processes (Stangeland
et al. 2009). Additionally, several reports have dem-
onstrated that the phenolic compounds exhibit anti-
oxidant, anti-inflammatory, anti-mutagenic, anti-
carcinogenic, anti-bacterial properties (Negi et al.
2008; Fresco et al. 2010) (Jeong et al. 2010; Jayaku-
mar and Kanthimathi 2011) and possess hypotensive
actions (Eno et al. 2000) which are in agreement with
their vasorelaxant effects (Runnie et al. 2004).

Conclusion

The current study indicated that both WE and EE
extracts have potential protective effects against
AFB -induced cardiotoxicity via diverse mechanisms
at different cellular processes. The cardioprotective
activities of the water extract were stronger than
ethanolic extract. The potency of these extracts could

@ Springer

provide a chemical basis for some of the health
benefits claimed for papaya extracts in folk medicine
against cardiovascular diseases.
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