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Cardio-Nephroprotective Effects of Guava and Olive Leaves
Extracts on Doxorubicin-Induced Toxicity in Rats
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Abstract: Objective: Doxorubicin (DOX) is an anticancer drug that is known to increase oxidative stress in several
organs. Our objective was to evaluate the possible cardioprotective and nephroprotective effects of guava leaves extract
(GLE) and olive leaves extract (OLE) on DOX-induced toxicity in rats.

Methods: Forty adult male albino rats were randomly divided into 4 groups of 10 rats each, as follows: a normal control
group, a DOX group (a single dose of DOX; 30 mg/kg intraperitoneally), a GLE group (500 mg GLE/kg body weight), and
an OLE group (500 mg OLE/kg body weight) for 12 d. DOX was administered in the DOX, GLE, and OLE rats, which
were sacrificed 4 d after DOX administration.

Results: DOX injection resulted in a significant elevation in serum lactate dehydrogenase, creatinin kinase-MB (CK-MB),
total protein, urea, and creatinine. Cardiac as well as renal glutathione (GSH) and catalase (CAT) were significantly
decreased, whereas tissue lipid peroxidation significantly increased. Pretreatment with GLE and OLE significantly
reduced the elevated concentrations of serum lactate dehydrogenase, KC- MB, urea, creatinine and total protein (P <
0.05). GLE and OLE increased cardiac as well as renal GSH and CAT concentrations and decreased malondialdehyde
concentrations.

Conclusions: GLE and OLE showed promising protective effects against DOX-induced cardio-nephrotoxicity, which

might be attributed to their antioxidant activities.
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INTRODUCTION

Doxorubicin (DOX) is an anthracycline that has
been used in anticancer therapy for several decades.
However, Doxorubicin has a dose-dependent
cardiotoxicity effect which limits its efficacy as an
antitumor treatment. Doxorubicin (DOX) was found to
cause early or Late cardiotoxicity [1].

Despite Doxorubicin is the of drug of choice for
cancer treatment because of its efficacy but it has
many acute and chronic side effects some of which are
irreversible especially in the heart.

Doxorubicin cardiotoxicity and nephrotoxicity was
reported to be due to oxidative stress.

It has been demonstrated that vegetables and fruits
regular ingestion decreased the risk of certain
malignancies [2]. Therefore, fruits and vegetable
phytochemicals can be considered as promising
chemopreventive agents.

Medicinal plants have been used as treatment for
several human disorders. Psidium guajava L.
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commonly known as guava which considered as one of
the common herbs used for long time in folk medicines
as a therapeutic agent for the treatment of number of
diseases, as an anti-inflammatory, diabetes, rheumatic
pain, hypertension, wounds, ulcers and reducing fever.
Guava leaves extract has various pharmacological
effects [3].

Guava comprise many health  benefiting
components such as vitamins, phenolic compounds,
tanins, flavonoids, sesquiterpene alcohols, essential
oils and triterpenoid acids [4].

Olive leaves have been used for traditional
therapies in Mediterranean countries. It has been
illustrated that olive leaves have antihypertensive,
antiatherogenic, antiinflammatory, hypoglycemic, and
hypocholesterolemic actions [11-13]. These effects are
attributed to the antioxidant components of olive leaves

[3]-

Oleuropein and its derivatives are considered to be
the main phenolic components of olive leaves, which
are thought to be responsible for their protective effects
on oxidative stress-induced renal, cardiac and hepatic
damage in experimental animals [6].

The objective of the currentt study was to examine
the protective effects of Guava and Olive Leaves
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Extracts against DOX-induced cardiotoxicity and
nephrotoxicity in rats.

MATERIALS AND METHODS

Chemicals

Doxorubicin (DOX was obtained from NOVARITS
Co. Egypt. Guava and Olive Leaves were purchased
from local markets, Cairo - Egypt. All other reagents
and chemicals were of analytical grade.

Doxorubicin was dissolved immediately before use
in saline and was intraperitoneally injected to rats with
a single dose 30 mg/kg [6].

Animals

Forty adult male albino rats were obtained from the
g) were purchased from Animal House of El-Salam-
Farm, Giza, Egypt), and used for the research. Animals
were acclimatized for one week to laboratory conditions
before starting the experiment; they had free acceses
to water and standard rat feed.

Preparation of Guava Leaves Extract

Guava leaves were purchased from local market.
The leaves were identified and authenticated. GLE
(Methanol extract) was prepared according to [7]. The
leaves were dried and powdered using an electric
blender. Guava leaves powder 100 g in 1.5 L pure
methanol (purity 99.8%), was soaked in 1.5 L pure
methanol for 3 days, then filtered and concentrated by
evaporation under pressure at 40°C. The resulting
filtrates were dried using a freeze drier and stored at -
18°C for use.

Preparation of Olive Leaves Extract

The fresh leaves of olive were completely washed,
air dried at room temperature, ground to obtain a fine
powder and stored in a dry container until use for
extraction processes for extraction of methanolic olive
leaves extract according to [8]. 50 g olive leaves were
macerated in 250 mL of pure methanol for 60 min in
the dark at room temperature. The extract was
separated by filtration, and the solvent was evaporated
under vacuum.

Experimental Protocol and Treatment Schedule

After one week of acclimatization, the animals were
randomly divided into 4 groups of 10 animals each as
follows: Group 1 served as normal control, a DOX
group (a single dose of DOX; 30 mg/kg

intraperitoneally), a GLE group (500 mg GLE/kg body
weight), and an OLE group (500 mg OLE/kg body
weight) for 12 consecutive days, 8 days before and 4
days after the DOX administration. DOX was
administered in the DOX, GLE, and OLE rats, which
were sacrificed 4 d after DOX administration.

The OLE and GLE dosage used in this study was
proven in previous studies to be safe and not relate to
any organ injury.

At the end of experiments, rats were sacrificed
under ether anesthesia and blood samples were
collected in clear tubes, the blood was allowed to clot
and serum was obtained from each sample by
centrifugation at 3000R/Min for 10 min. Hearts and
kidney tissue were quickly excised, removed and
washed with normal saline solution to remove excess
blood, dried with wattman filter paper, weighed and
kept at 4 %C for antioxidant enzyme analysis.

Phytochemical Screening of Guava Leaves
Extracts (GLE)
Guava leaves extract subjected to chemical

analysis to determine total phenolic content (TPC) and
Total flavonoids content (TFC).

Total phenolic content (TPC) were determined
according to The Folin—Ciocalteu method [9] Results
were expressed as mg caffeic acid/g extract.

Total Flavonoid content were determined by
Moreno’s method [10], and were assessed using
quercetin as a standard.

The tests were run in triplicate and averaged.

Phytochemical Screening of Olive Leaves Extracts
(OLE)

The total phenolic compounds content (TPC) were
determined according to Thaipong et al. [11] Results
were expressed as mg of gallic acid equivalents / g dry
weight sample (mg GAE/g).

Total flavonoids content was determined according
to Vuong et al. [12]. Results were expressed as mg of
rutin equivalents per g dry weight sample (mg RE/qg)

The tests were run in triplicate and averaged.

Biochemical Analysis

Serum lactate dehydrogenase (LDH) and creatinin
kinase- MB (CK- MB) were measured according to
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(Weishaar et al.) [13], and (Horder et al.) [14])
respectively. Total protein was estimated using the
method of Doumas [15]. Serum Urea, and creatinine
were also measured in serum according to [16, 17]
espectively. Cardiac as well as renal glutathione were
estimated according to [18]. Cardiac and renal catalase
(CAT) were estimated according to [19] whereas tissue
lipid peroxidation was estimated according to [20].

Statistical Analysis

Statistics were performed using the Statistical
Package for the Social Science (SPSS) software
version 17.0 for all statistical analyzes (SPSS Inc.,
Chicago, IL, USA). The results were expressed as
means * standard deviation (SD). Differences between
treatment groups were analyzed by one-way analysis
of variance (ANOVA). Differences were considered
significant when (P < 0.05) [21].

RESULTS AND DISCUSSION

Treatment of cancer patients with DOX has many
side and adverse effects which increase the burden
and worse the situation on the cancer patient treated
with drug.

Medicinal plants and herbs are great sources of
antioxidants and have been used in the treatment of
several diseases. The plant-derived small molecules
(phytochemicals) have been shown to possess anti-
inflammatory, antioxidant, and anticancer activities and
so, they can be used to minimize the side effects of
DOX in cancer patients.

The results presented in Table 1 indicated that the
total phenolic content of OLE was 217.90 £ 8.15 mg
GAE g-1 dried leaves while total flavonoid content of
OLE was 339.03 £ 6.16 mg of rutine equivalents g-1
dried leaves indicating high TPC and flavonoids which
correlated to its high antioxidant activity.

On the other hand Table 1 also showed that GLE
contain 142.23 + 6.5 mg caffeic acid g-1 extract as
TPC and 92.28 + 5.7 mg of quercetin equivalents g-1
extract as TFC.

s
.o

Effects of Guava and Olive Leaves Extracts on
Serum Lactate Dehydrogenase, Creatinin Kinase-
MB (CK-MB) in Rats Treated with DOX

The heart is mostly vulnerable to free radical injury,
because it contains less free radical detoxifying
substances than do metabolic organs like liver or
kidney (52, 53). Moreover DOX is known to have a
higher affinity for cardiolipin, a major phospholipid
component of the mitochondrial membrane in heart [22]

Some isoenzymes, including CK-MB, and LDH, are
commonly used as indications for cardiac injury. CK-
MB has been considered the core enzyme for the
determination of neuromuscular diseases.

The results of the current study illustrated that DOX
intraperitoneal administration at a dose of 30 mg/kg
induces cardiovascular abnormalities by rise in free
radical production as indicated by significant increase
in CK-MB and LDH as shown in Table 2. These results
are in accordance with previous authors [23].

On the other hand Pretreatment with GLE and OLE
significantly reduced the elevated concentrations of
serum lactate dehydrogenase and serum creatinin
kinase-MB (CK-MB) in rats treated with DOX as shown
in Table 2. The beneficial cardioprotective properties of
GLE in DOX induced cardiotoxicity may be mainly
attributed to their radical-scavenging activities. In
addition, GLE possess high phenolic and flavonoid
content as shown in Table 1.

The cardioprotective effect of GLE could be
attributed to Lycopene which prevent cardiovascular
damage through its positive effects on dyslipidemia
[24].

Table 1: The Total Phenolic Content (TPC) and Total Flavonoids Content (TFCC) of Guava and Olive Leaves Extracts

(MEAN #SD)

Constituent

Guava leaves extracts

Total phenolic compounds (mg caffeic acid/g extract) 142.23+6.5

Total Flavonoids (mg of quercetin equivalents g-1 extract) 92.28 +5.7
Olive leaves extracts

TPC are expressed as gallic acid equivalents (GAE)/g of dried leaves (mg GAE/g) 21790+ 8.15

Total Flavonoids expressed as rutin equivalents (RE)/g of dried leaves (RE/g) 339.03+6.16
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Table 2: Effects of Guava and Olive Leaves Extracts on Serum Lactate Dehydrogenase, Kinase-MB in Rats Treated

with DOX

Groups Group 1

Parameters Normal Control (C)

Group 2
Doxorubicin (DOX)

Group 3
GLE+DOX

Group 4
OLE+DOX

Serum lactate dehydrogenase (U/L) 1013.42 £ 6.25°

2028.94 £ 7.14° 1871.60 + 7.81° 1854.61 + 6.39°

Creatinin kinase-MB (U/L) 1120.94 + 3.09°

1756.40 + 6.95° 1575.62 +3.74° 1515.62 + 5.07

Values are expressed as means + SD. Means with similar superscript (a, b ¢, d) letters in rows indicate non-significant difference (P< 0.05).

The results of the current study agreed with
previous researchers who reported that, aqueous
extract of P. guajava had cardioprotective properties in
myocardial ischemia-reperfusion injury in isolated rat
hearts [25].

Previous studies exemplified the presence of
Diversity of bioactive compounds in the leaves, seed
and bark of Psidium guajava that are proficient of
showing valuable effects on human health.

The effective cardioprotective properties of OLE on
DOX-induced cardiotoxicity may be through obstructing
lipid peroxidation products, decreasing oxidative stress
and reducing inducible nitric oxide synthase (iNOS) in
cardiomyocytes.

Oleuropein has a valuable influence on numerous
aspects of cardiovascular disease via its vasodilatory,
anti-platelet  aggregation, anti-inflammatory  and
antioxidant properties.

Andreadou et al. [26] indicated that oleuropein fully
restored the changes of metabolites to the normal
levels.

Previous research revealed that oleuropein reduced
Doxorubicin induced changes in serum levels of CPK,
CPKMB and LDH which was associated with reduced
lipid peroxidation [26].

OLE has with the most pronounced effect on
lowering serum LD and CK-MB As total phenolic and
total flavonoids of OLE are much higher than those of
GLE which indicating the higher antioxidant activity of
olive leaves extracts.

Our results are in harmony with the previous studies
indicating the relation between TPC and antioxidant
activity. Earlier research indicated that antioxidant
capacity varied according to the phenolic compound
profile [27]. Another study found that there are positive
correlations  between the phenolic compound
concentration and antioxidant ability [28].

Effects of Guava and Olive Leaves Extracts on
Kidney Function in Rats Treated with DOX

The kidney is greatly susceptible to damage caused
by reactive oxygen species (ROSs), due to oxidative
stress by polyunsaturated fatty acids in the composition
of renal lipids, in addition this damage also can be
caused by 1) high volume of blood flows through
kidney and 2) large amounts of toxins filtered through
kidney which can concentrate in kidney tubules [29,
30].

Doxorubicin administration in this study leads to the
acute toxic effects on the heart and kidney. The results
presented in Table 3 indicated that, DOX injection
resulted in a significant elevation in serum total protein,
urea, and creatinine, which may be due to the damage
of kidney cells by Doxorubicin.

Nephrotoxicity is one of the most common side
effects of Doxorubicin. The development of
nephrotoxicity increases the burden and complications
in cancer patients.

The DOX related alteration in kidney function
demonstrated by the significant increase in serum urea,
total protein and creatinine may be due to oxidative
burden. DOX cause imbalance between free oxygen

Table 3: Effects of Guava and Olive Leaves Extracts on Kidney Function in Rats Treated with DOX

Groups Group 1 Group 2 Group 3 Group 4
Parameters Normal Control (C) Docxorubicin (DOX) GLE+DOX OLE+DOX
BUN (mg/dl) 24.71 + 1.54° 77.09 £2.21° 43.72 +1.77° 39.45+1.45°
Creatinine (mg %) 1.28 +£0.023° 6.80+0.18° 2.20 +0.076° 2.49+0.055°
Total protein (mg %) 5.64 +0.21° 13.79 + 0.23° 10.89 + 0.29° 10.44 + 0.70°

Values are expressed as means + SD. Means with similar superscript (a, b ¢, d) letters in rows indicate non-significant difference (P< 0.05).
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radicals and antioxidants, which resulted in tissue injury
due to the disturbance in the oxidant — antioxidant
system.

The semiquinone form of the anthracycline was
previously shown to play a key role in DOX-induced
nephrotoxicity by means of O, generation [31].

On the other hand GLE and OLE supplementation
significantly (p<0.05) decreased DOX - associated
increase in serum total protein, urea, and creatinine as
illustrated in Table 3. OLE has a more significant effect
than GLE due to its high phenolic and flavonoids
content.

Results of the present study illustrated that GLE
reduced DOX —induced kidney damage which may be
attributed to its excellent antioxidant and free radical
scavenging activity of GLE. several phenolic
compounds are present in the leaves such as
protocatechuic acid, ferulic acid, quercetin and guavin
B [32, quercetin, ascorbic acid, gallic acid and caffeic
acid Others include Terpenoids and flavonoids such as
Oleanolic acid Nerolidiol, B-sitosterol, ursolic, crategolic
and guayavolic acids as well as essential oil including
a-pinene, B -pinene, limonene, menthol, terpenyl
acetate, isopropyl alcohol, longicyclene, caryophyllene,
B-bisabolene, cineol, caryophyllene oxide, 3-copanene,
farnesene, humulene, selinene, cardinene and
curcumene[33] .

The enhancing influence of OLE on counteracting
DOX - induced renal toxicity may possibly be
associated to its multifunctional radical scavenging and
anti-inflammatory actions.

Previous research demonstrated that, OLE
significantly improved renal functions and prooxidant
and antioxidant balance in gentamicin-induced
nephrotoxicity in rats [34].

Some previous studies have shown adverse side
effects of long term use of high dosage of OLE, so it is
very important to use the right dosage of OLE which is
precisely considered in the current research.

Effects of Guava and Olive Leaves Extracts on
Antioxidant System in Organs

Doxorubicin (DOX) injection resulted in a significant
elevation in MDA in kidney and heart, while cardiac and
renal glutathione (GSH) and catalase (CAT) were
significantly decreased due to DOX injection as shown
in Table 4.

Malondialdehyde (MDA) elevation may be related to
the increase in the production of ROS and
inflammatory cytokines. In addition DOX may stimulate
inflammatory reactions, and apoptotic and necrotic
changes in organs.

Our results are in accordance with previous studies
which showed that DOX produced a pro-oxidant status
in the organs of rats.

Several hypotheses have been postulated for The
mechanism of DOX induced cardiomyopathy which
include inhibition of nucleic acid [35] , protein synthesis
[36], release of vasoactive amines [37] , alterations in
sarcolemmal Ca’ transport [38], alterations in
membrane bound enzymes [39], abnormalities in

Table 4: Effects of Guava and Olive Leaves Extracts on Cardiac and Renal Glutathione (GSH), Catalase (CAT) and
Lipid Peroxidation (MDA) Levels in Rats Treated with DOX

Groups Group 1 Group 2 Group 3 Group 4

Parameters Normal Control (C) Doxorubicin (DOX) GLE+DOX OLE+DOX
Cardiac GSH R b R R

) 2.25+0.084 1.19+ 0.0382 1.69 + 0.056 2.08+0.10

(nmoles/mg wet tissue)

Cardiac CAT a b R d

] 5.89 + 0.262 0.62 + 0.041 3.86+0.188 4.75 +0.191

(U/mg wet tissue)

Cardiac MDA a b R R

13.85 + 0.341 19.53 + 0.828 12.64 £ 0.22 11.18 £ 0.21

(nmol/g)

Renal GSH a b R d

. 5.78+0.22 3.56 +0.12 427 +0.18 4.85+0.35

(nmoles/mg wet tissue)

Renal (CAT) a b R d

) 10.60 £ 0.23 1.73+0.090 6.85+0.23 7.84+0.24

(U/Mg wet tissue)

Renal (MDA) a b R d

3.15+0.094 6.61+0.26 4.98+0.19 3.86+0.13

(nmol/g)

Values are expressed as means + SD. Means with similar superscript (a, b ¢, d) letters in rows indicate non-significant difference (P< 0.05).
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mitochondria and lysosomal alterations and an
imbalance of myocardial electrolytes [40].

The major mechanism underlying DOX-induced
renal and cardiotoxicity has been shown to be due to
oxidative stress, leading to apoptosis and necrosis,
which also transactivates p53 and increases
proapoptotic proteins [41].

The generation of free radicals and other reactive
oxygen species are considered the main DOX-
associated side effects [42]. It has been demonstrated
that DOX is transformed into a semiquinone through
electron reduction by various NADPH-dependent
reeducates in the complex 1 of the electron transport
chain. This semiquinone reacts with molecular oxygen
to produce the superoxide radical {O}and it converts
DOX into quinone. This quinone—semiquinone cycle
creates large amounts (O;) , which subsequently give
rise to ROS and RNS species such as hydrogen or
peroxynitrite [43].

Table 4 results indicared that, pretreatment with
GLE and OLE improves the biochemical marker levels
indicating a decrease in oxidative stress as evident by
increased levels of cardiac as well as renal GSH and
CAT activity. In addition administration of GLE and
OLE significantly (P < 0.05) reduced the elevated
concentrations of MDA.

The protective effect of olive leaves extract may be
through preventing the decline of antioxidant defense
system and direct free radical scavenging activity.

The cardioprotective and antioxidant mechanism of
OLE seems to be through modulation of various
antioxidant parameters thereby improving the overall
antioxidant defence of the myocardial tissue.

The antioxidant effect of OLE may be attributed to
the antioxidant components of olive leaves. The major
phenolic components of olive leaves including
Oleuropein and its derivatives such as hydroxytyrosol
and tyrosol, which are correlated to their pharmacologic
effects. In addition, olive leaves contain caffeic acid, p-
coumaric acid, vanilic acid, vanillin,luteolin, diosmetin,
rutin, verbascoside, luteolin-7-glucoside, apigenin-7-
glucoside, and diosmetin-7-glucoside [44] .

Several investigators have demonstrated the
protective activity of OLE or its constituents, in several
oxidative  stress-induced pathologies such as
atherosclerosis [45], diabetes [46], cerebral ischemia
[47], and lead-induced neuropathy [48].

It has been documented that the oleuropein exert
potent antioxidant activities, such as inhibition of low
density lipoproteins oxidation and free radical
scavenging. It modifies pathophysiological processes
by inhibiting the production of superoxide anions [49]

Zari and Al-Attar [50] reported that, olive leaves
extract ameliorates gentamicin nephrotoxicity via
antioxidant activity, increase of renal glutathione (GSH)
content, and increase of renal antioxidant enzymes
activity.

OLE also decreased cardiac and hepatic injury
together with the amelioration in metabolic and
oxidative stress parameters in obese and diabetic rat
model [51].

The beneficial effect of GLE in reducing oxidative
stress observed in this study might be due to to the
high level of Phenolic and flavonoids compounds.

Guava leaves has Hepatoprotive, antioxidant, anti-
inflammatory, anti-spasmodic, anti-cancer,
antimicrobial, antihyperglycemic, analgesic, these
effects of guava leaves attributed to their high content
of isoflavonoids, catechin, gallic acid, epicathechin,
naringenin, rutin kaempferol and of phenolic
copmounds in guava leaves [53, 54].

CONCLUSION

In conclusion, the results of the current research
suggest that GLE and OLE treatment decrease
oxidative stress and injury in the heart and kidneys of
DOX ftreated rats which can be considered as a
promising therapy to counteract DOX side effects in
DOX —treated cancer patients. The ameliorating effect
of GLE and OLE may be related to their multifunctional
radical scavenging and anti-inflammatory actions. OLE
has more pronounced cardiac and renal protective
effects which could be due to its higher TPC and
TFCC.
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