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Abstract

Doxorubicin (DOX) is a cancer chemotherapy widely used to treat a many types of human malignancies, DOX
is potent anthracycline antibiotic. As a complicating effect of DOX cardiotoxicity has long been recognized; To
explain this cardiotoxicity there are several hypotheses and the most thoroughly investigated one is free radical
hypothesis. Our study was designed to investigate if the aqueous extract of rosemary leaves has a protective effect
against cardiotoxicity induced by DOX in mice.

Twenty eight male Swiss Albino mice were randomly divided into four groups including groupl (negative

control), treated with distill water (D.W), group 2 (positive control), treated with 15 mg/kg DOX as a single
intraperitoneal (i.p) injection, groups 3 and 4 received 15mg/kg and 30mg/kg respectively of the aqueous extract
of Rosmarinus officinalis leaves (ROE) orally (p.0), once daily for 2 weeks, then injected i.p with 15 mg/kg DOX.
Two days after DOX or D.W (in control group) injection, animals in all groups were scarified and the levels of the
cardiac biomarkers including serum creatine kinase (CK-MB) and serum lactate dehydrogenase (LDH) were
measured. Also the cardiac histopathological sections were prepared, stained by hematoxylin and eosin stains and
examind under light microscope.

The administration of 15mg/kg DOX caused cardiomyopathy which was manifested by extremely significant
elevation (p<0.001) in serum CK-MB and LDH levels. In addition, cardiac histopathological sections showed
moderate cytoplasm vacuolization and inflammatory cells infiltrate with vascular congestion. Oral administration
of 30mg/kg ROE for 2 weeks prior to DOX provided significant protection which was evidenced by extremely
significant reduction (p<0.001) in the levels of CK-MB and LDH. Moreover, histopathological sections revealed
only mild cytoplasm vacuolization, infiltration of inflammatory cells and vascular congestion in comparison to
DOX positive control group (p<0.01). Whereas oral administration of 15mg/kg ROE for 2 weeks prior to DOX
showed no significant protection neither in CK-MB and LDH levels, nor in the histopathological sections.
Administration of 30mg/kg ROE protect against DOX-induced cardiotoxicity. This might serve as novel adjuvant
therapy with DOX.
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Introduction

hemotherapy-induced
cardiotoxicity
Several antineoplastic agents can

cause cardiovascular toxicity [1]. Anthra-
cyclines is a group of such antineoplastic
and Dbiologic agents which are recognized
to cause cardiotoxicity [2]. The potential
cardiovascular toxicities associated with the
use of anticancer drugs range from
myocardial injury (which can lead to
myocardial infarction) to disturbances in
conduction with cardiac arrhythmia,
pericarditis and/or myocarditis, cardiomyo-
pathy, hypertension and congestive heart
failure (CHF), also abnormality in the
electrocardiography can occur [3, 4].
Doxorubicin cardiovascular toxicities are
either acute, subacute or chronic, the acute
toxicity occurs during or just after DOX
infusion ,while subacute toxicity occurs
after days or weeks of DOX administration.
Whereas chronic toxicity appeared after
months (or may be years) of the last course
of treatment with DOX_ [5].

Doxorubicin (DOX):

Doxorubicin (also called adriamycin) is a
potent anthracycline antibiotic that is
largely used as a chemotherapeutic agent to
treat many sort of malignancies.[6,7]
Including solid and hematopoietic tumors,
[8,9] DOX 1is an important component
included in the chemotherapeutic regimens
of small-cell lung or breast cancers. DOX
may be the best obtainable
chemotherapeutic agent used to treat
metastatic thyroid cancer, in addition it is
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an important component for the treatment
of Hodgkin’s or non-Hodgkin’s lymphomas
and many other cancers [10,11].
Mechanisms of action of doxorubicin:
The exact mechanism of action of DOX
as anticancer agent is not fully understood,
it was attributed to the intercalation into
DNA, leading to  inhibition  of
macromolecular synthesis, thus it prevents
the cancer cells which are growing rapidly
from replication [6,7,12].
Today, it is thought that topoisomerase II-a
inhibition (induced by DOX) is the main
mechanism for DOX actions.[9,12,13,14]
Thus, DOX stabilizes the intermediate
reaction by which DNA strands are broken
and bound to tyrosine residues (in the
topoisomerase II) covalently, preventing
the following DNA resealing. Thus, relax
the supercoiled DNA will prevent
duplication and transcription of the DNA.
Furthermore, apoptosis of cancer cells may
be triggered by the breaks of the DNA
strand, through the p53-dependent
pathway.[15] Other mechanism of action
include metal ion chelation and free radical
generation, leading to DNA damage or lipid
peroxidation,[6,16,17] it also may induce
apoptosis [18] DOX also can reduce the
viability of cancer cells via RNA damage
and inhibit the synthesis of DNA, RNA and
proteins.[7,19]
Doxorubicin-induced cardiotoxicity:
Although DOX has been shown to be
effective, its clinical usage is limited by the
occurrence of cardiomyopathy which is
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cumulative dose-dependent which may
appear several years after the removal DOX
treatment.[ 14] Three characteristic types of
cardiotoxicity induced by DOX which are
the main important harms associated with
the clinical use of DOX. First, acute cardiac
toxicity which appeared as hypotension and
myocardial injury occurs immediately after
a single dose of DOX most likely as a form
of cardiac arrhythmia.[20,21] Second,
chronic cardiotoxicity ~which is a
cumulative  dose-dependent cardiomyo-
pathy resulting in cardiomyopathy which
appeared as cardiac dysfunction that can
lead to CHF, which is a common and an
important type of cardiac damage.[20,22]
Third,  arrhythmia  and  ventricular
dysfunction represent the late-onset
cardiomyopathy which appeared after years
or decades of DOX treatment removal
[23,24].

DOX is given as an intravenous
infusion (40-75 mg/m?) that can be
repeated at intervals of three to four weeks,
but it should not pass the cumulative dose
(450-550 mgm®).[20] The clinical
usefulness of DOX therapy with the above
doses is limited by the myocardium toxicity
induced by DOX which represent a serious
CHF. However many tachyarrhythmias can
occur with the acute use of a single high
dose of DOX, which is a progressive
worsening of cardiac contractile function
that can limits DOX clinical usefulness.
With the use of the cumulative doses of
DOX greater than 500 mg/mz, the
percentage of cardiac failure is high as 20%
in patients.[20,22] Dysfunction of the
myocardium may appeared within the latter
phases of therapy or may be late to be latent
for months or even for more than 20 years
after the last administration of the DOX
which is principally represent a challenging
problem when DOX is used to treat cancers
in childhood.[23,24]

Mechanisms of doxorubicin
cardiotoxicity:
Several mechanisms have been

implicated in the progression of DOX
cardiotoxicity, including gene expression
reduction, nucleic acid and protein
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synthesis inhibition, impaired
mitochondrial respiratory chain function,
vasoactive amines release, adrenergic
function alteration, calcium handling
aberration and  myocardial  energy
metabolism alteration. [25,26,27] Besides,
DOX is metabolized into a more toxic
metabolite doxorubicinol (DOXol) which
accumulates in cardiac tissues and
extensively contributes to the development
of DOX- induced chronic cumulative
cardiac toxicity.[28] Myocyte cell death by
both apoptosis and necrosis has also been
suggested.[18,29] The formation of reactive
oxygen species (ROS) that is mediated by
iron and the following encouragement of
the myocardiac oxidative stress is still the
most accepted probable mechanism.[9,30]
Herbal protection against
chemotherapeutic toxicity:

Anciently herbal therapy play an
important role as a traditional and
alternative medicine that is used to treat
various diseases.[31] Large number of
naturally occurring compounds are present
in the plants which are included in our diet,
such constituents may have a protecting
favorable effect for the body. In damaged
systems one or more of the following
actions: (1) free radicals scavenging (2)
cellular  antioxidants  elevation  (3)
promotion for the recovery of bone marrow
(4) regeneration of extrahaematological
tissue, which are induced by plants or herbs
may represent the suggested principal
mechanisms of protection.[32] Rosmary is
one of the plants whose constituents
reputed to having antioxidant properties.
Rosmarinus Officinalis (RO):

Rosmarinus Officinalis (also called
Rosemary) a perpetual evergreen shrub. It
is one of the herb spices of Labiatae family.
It was cultivated in Mediterranean first,
then transplanted to China in Dynasty, but
cultivated in all of the world now.[33] It's
leaves are needle-like [34] Traditionally
rosemary is one the herbs which have a
wide range of uses in folk medicine or
cosmetics, in addition it is used as a foods
flavor.[35] Medicinally the essential oil of
RO has a powerful antibacterial,
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antiphlogistic, cytotoxic, antimutagenic and
chemopreventive properties, [36,37] R
Officinalis leaves have a wide range of
bioactivities; such as antioxidant[38,39],
antitumor,[40,41] antibacterial [34,37] and
anti-inflammatory actions, [42] These
bioactivities of rosemary leaves extract are
comparable with known antioxidants
constituents, such as carnosic acid,
carnosol, rosemarinic acid, ursolic acid,
butylated hydroxytoluene and butylated
hydroxyanisole, with no associate risk to
carcinogenicity or cytotoxicity of the
synthetic antioxidants. [43,44]

This study aimed to investigate the
possible protective effect of Rosmarinus
officinalis leave extract (ROE) on cardiac
tissue against DOX-induced cardiotoxicity.

Materials and Methods:

1. Plant Extract Preparation:
Rosemary's leaves were purchased locally
from the market of Hilla city and then
identified by a specialist of botany in the
science collage for girls, at Babylon
university, Iraq. After a careful washing of
the leaves they were dried by air in the
shadow at room temperature, then leaves
were grinded into fine powder. Extract of
the plant was prepared by adding 40 gm of
the powder to 80 ml of distill water and by
refluxing with sohxcilate instrument for
thirty six hours at 50-60 °C. By evaporating
the liquid contents of the mixture through
the use of an incubator, pellets' extract
were obtained. By dissolving the pellets
with distilled water the desired amount of
the extract was prepared , and by using the
stomach tube the extract was administered
at a doses of 15 mg/kg and 30 mg/kg body
weight daily for 14 consecutive days. [45]
Animals:

Twenty eight male Swiss Albino mice
(weighting 25 — 30 g) were used in this
study. The mice kept in the animal house of
the college of medicine / Babylon
university for two weeks previous to and
during the employment of the experiment
under constant surrounding temperature (22
+ 2 ) °C and light cycle (12:12hr daylight:
gloomy). Animals were maintained on a

388

standard commercial mice chow and tap
water were presented ad-libitum.

2. Experimental design:

The mice were divided randomly into 4
groups (7 mice in each group) as follows:
Group 1 (negative control): received 0.3ml
D.W, orally (p.o) by using stomach tube
once daily for two weeks, then
intraperitoneally (i.p) injected with D.W
Group 2 (positive control): received 0.3ml
D.W, orally (p.o) by using stomach tube
once daily for two weeks, then injected i.p
with 15mg/kg DOX (EBEWE Pharma
Ges.m.b.H. Nfg KG, AUSTRIA).
[46,47,48]

Group 3: received 15 mg/kg of ROE, p.o
once daily for two weeks, then i.p injected
with 15 mg/kg DOX.

Group 4: received 30 mg/kg of ROE, p.o
once daily for two weeks, then i.p injected
with 15 mg/kg DOX.

After 2 days of DOX or D.W (in negative
control group) injection, animals in all
groups were scarified [47] under light
anesthesia with diethyl ether. Blood was
collected by cardiac puncture to measure
the levels of creatine kinase (CK-MB) and
lactate dehydrogenase (LDH) in the serum.
[49] Then the hearts were extracted and
fixed in 10% formalin to investigate the
probable histopathological changes.

Blood samples preparation:

The blood was aspirated from the
heart of mice in all groups 2 days after
D.W. or DOX injection.[50]The blood
was directly collected through intracardiac
puncture by disposable plastic syringes and
immediately transferred into plastic test
tubes without anticoagulant and left for 15 -
20  minutes at room temperature to
promote blood coagulation. Serum was
obtained after centrifugation at 3000 rpm
for 10 minutes and preserved at -20 °C until
the determination of serum CK-MB,
LDH.[51]

Measurement of serum creatine Kinase
(CK-MB isozyem ) activity:

Stein method According to the National
Committee  for  Clinical Laboratory
Standards was used to measure CK level
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and by using the diagnostic kits Biolabo sa
maizy France .[52]

Measurement of serum lactate
dehydrogenase (LDH) activity:
Henry method (according to SFBC

recommendations) was used to measure
LDH level and by using a Biolabo sa maizy
France kit.[53]

Histopathological slides preparation:

The hearts of mice were sectioned, and by
using the haematoxiline and eosin stain
they were stained and prepared for the
examination by using light microscope to
detect the histopathological changes.

Statistical Analysis

The SPSS version 17.0 was used for the
statistical analysis, one - way ANOVA test
was used is this study for serum CK-MB
and LDH, while chi-square test was used
for histopathological changes. The mean +
SD was used to express our data,
statistically less than 0.05, 0.01 and 0.001
P-values were consider either significant,
high significant and extremely significant
respectively.[54]

Results

1. Biochemical (Table 1):

In group 2 (received 15mg/kg DOX only)
haematological ~ examination  showed
extreme significant (p< 0.001) raise in the
levels of both serum CK-MB and serum
LDH activities, in comparison to mice in
group I(received D.W). In group 4
(received 30mg/kg ROE 2 weeks before
DOX injection) ROE treatment resulted in
a extreme significant reduction (p< 0.001)
in the levels of both serum CK-MB and
serum LDH activities, when compared to
the mice in group 2, while in the group 3
(received 15mg/kg ROE 2 weeks before
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DOX injection) ROE treatment showed no
significant changes (p> 0.05) in the levels
of both serum CK-MB and serum LDH
activities in comparison to mice in group 2
and 4.

2. Histopathological (Table 2) :

1- Cardiac histopathological sections for all
mice in group | (negative control) (100%)
showed normal cardiac histology ( Fig. 1)
2- Cardiac histopathological sections for
mice in group 2 (positive control) which
injected with DOX (15mg/kg) only,
showed moderate cytoplasm vacuolization
and inflammatory cells infiltrate in
6(85.72%) mice with mild cytoplasm
vacuolization with inflammatory cells
infiltrate in 1(14.28%) mouse, that was
highly significantly differ from negative
control group (P<0.01), (Fig. 2).

3- Cardiac histopathological sections for
mice in group 3 which received ROE
15mg/kg for 2 weeks before DOX
(15mg/kg) injection showed moderate
cytoplasm vacuolization and inflammatory
cells infiltrate with vascular congestion in 5
(71.43%) mice with mild cytoplasm
vacuolization, inflammatory cells infiltrate
and vascular congestion in 2(28.57%) mice,
which showed no significant difference
from DOX positive control group (p>
0.05), (Fig. 3).

4- Cardiac histopathological sections for
mice in group 4 which received ROE
30mg/kg for 2 weeks before DOX
(15mg/kg)  injection  showed  mild
cytoplasm vacuolization with inflammatory
cells infiltrate in 6(85.72%) and moderate
cytoplasm vacuolization with inflammatory
cell infiltrate in 1(14.28%) mouse only
which was highly significantly differ from
DOX positive control group (P< 0.01),

(Fig. 4).
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Table 1: Serum CK-MB and serum LHD changes in the experimental groups (results are
expressed as mean = SD)

Groups Serum CK-MB isozyem | Serum LHD (U/L)

(U/L) Mean + SD
Mean + SD

Negative control 552.85+46.08 277.85+£28.84

Positive control 776.424+30.91% 582.144+35.33 %

DOX + ROE 15mg/kg | 774.28426.36 ° 570.71+£31.14°
2 weeks before DOX

DOX + ROE 30mg/kg | 616.42+40.48 &b 464.28429 .78 °
2 weeks before DOX

a=P< 0.001 against negative control; b=P< 0.001 against DOX positive control.

Table 2: Histopathological changes in the experimental groups(results are expressed
as mean + SD

Experimental groups | Normal Mild cytoplasm | Moderate cytoplasm
cardiac vacuolization + | vacuolization + Total
histology | inflammation+ + inflammation +
vascular congestion | vascular congestion

Negative control 7 (100%) 0 0 7 (25%)

Positive control 0 1 (14.28%) 6 (85,72%)° 7(25% )

DOX + ROE 0 2 (28.57%) 5(71.43%)° 7 (25%)
I5mg/kg 2 weeks
before DOX
DOX + ROE 6 (85.72%) *" 1(14.28%)" 7 (25%)
30mg/kg 2 weeks
before DOX

Total 7 (25%) 9 (32.14%) 12 (42.86%) 28 (100%)

a=P<0.01 against negative control; b= P< 0.01 against DOX positive control group.

> P ? &) £ £

Figure 1: Ca;diac sectin show the normal histology in oupl (agniﬁcation x10).
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Figre 2: Cardiac hitopthologicl section show the mild cytplasm vacuolization,
inflammatory cells infiltrate and vascular congestion in group 2 (magnification x10).

Figure 3: Cardiac hstopathological section show the moderate cytoplasm vacuolization,
inflammatory cells infiltrate and vascular congestion in group 3 (magnification x10).

Flgue 4: Cardiac histopathological section show the mild cytopsm vacuolization,
inflammatory cells infiltrate and vascular congestion in group 4 (magnification x10).

Discussion

Doxorubicin-derived free radicals
may be responsible for the cytotoxic and or
genotoxic effects of this drug and its ability
to provoke apoptosis which may be
mediated by different mechanisms such as
ROS production, cellular macromolecules
alkylation, intercalation of DNA and cross-
linking, peroxidation of lipid, damage of
cell membrane, production of ceramide and
induction of p53 in a variety of
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tissues.[16,55] DOXol and aglycones can
cause damage of cardiac cell either by
perturbing iron homeostasis or by oxidative
stress induction, respectively.[56] Also, the
DOX-iron (Fe*") complex formation that
also have the ability to produce free
radicals (interact with hydrogen peroxide to
generate the radical of hydroxyl (OH))
may mediate the cardiac cellular damage
caused by DOX, through the interaction
with protein, lipids and other constituents
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of the cell, the ROS can cause damage to
the cell membranes of the cardiac muscle
cells and mitochondria.[57] However, more

recent studies have shown that the
oxidative stress is not an important
contributor to the DOX anticancer
effect.[14]

It have been shown that the

antioxidants have a beneficial property
against cardiotoxicity induced by DOX in
mice and rats[58] as they protect cells and
tissues from free radicals induced oxidative
damage and injury.[59] Thus when the
antioxidant related defense mechanisms are
found in a lesser quantity, cardiac tissue is
particularly more susceptible to be injured
with ROS induced by anthracycline.[60]
The reduced endogenous antioxidants, with
subsequent increase in oxidative stress lead
to loss of myofibrils and vacuolization of
myocardial cells.[61] Removal of the
excessive ROS and reactive nitrogen species
by antioxidants can prevent or mitigate
DOX-induced cardiotoxicity. [14,62]

The antioxidant treatment provide
protection against DOX-induced cardiac
contractile dysfunction in both experimental
and clinical settings, suggesting that
increased ROS are important in the
development of this condition.[63] Results
of our study indicate that 15 mg/kg of DOX
caused an oxidative stress in the tissue of
the heart which was distinct by the elevated
levels of LDH and CK-MB in the serum,
these enzymes represent a markers indicate
the early and delayed injuries to which
cardiac tissue can exposed particularly
throughout the follow-up to DOX treatment
clinically.[62] These results are agree with
Abd-Allah et al (2002)and with Ganesh and
Tiyagur(2014)[47,48], and with other
numerous former studies which confirmed
similar augmentation in the activity of
cardiac enzymes in rats subsequent to a
challenge by DOX single and/or cumulative
doses. [64,65,66] Also the histopathological
changes found by our study in DOX- only
treated group are in agreement with other
studies which found a powerful relationship
between oxidative stress and the
inflammatory response of the cardiac tissue
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including release of cytokine release
following DOX administration. [67,68] In
that regard, DOX is known to induce NFK-
B activation and COX-2 expression in
cardiomyocytes.[46] Also, it was reported
that DOX induced changes in the properties
of membrane bound ATPases of cardiac
cells affect cardiac function and may be a
relevant mechanism leading to lethal
myocardial cellular injury. [66] In addition
to that, DOX mediated vascular congestion
may contribute to this pathogenesis. [69]

It has been found that the extract of
RO leaves contains potent antioxidants like
flavonoids, phenols, volatile oil and
terpenoids. [43] Also Moreno ef al (2006)
reported that the extracts of rosemary
having high scavenging competence against
diverse type of ROS and species of
nitrogen, it has been thought that the
ability for free radicals scavenging is one
of the major mechanisms by which the
phenolic phytochemicals act as antioxidant.

[70] Amongst antioxidant components
found in the leaves of rosemary, about
90% of the antioxidant action could be

related to the presence of carnosic acid and
carnosol. [71] In another study the
supplementation of chicken with rosemary
extract result in an efficient sluggish in
lipid peroxidation. [72]

In the present study oral
administration of 30mg/kg ROE 2 weeks
prior to DOX produced a reduction in CK-
MB and LDH levels, in addition to the
histopathological sections that show only
mild cytoplasmic vacuolization,
inflammatory cells infiltration and vascular
congestion in comparison to DOX positive
control group. Whereas oral administration
of 15mg/kg ROE 2 weeks prior to DOX
showed no significant protection neither in
CK-MB and LDH levels, nor in the
histopathological sections. The favorable
action of RO could be ascribed to

antioxidative effect of any of it's
constituents [38,39], that may reduce
cardiac toxicity due to DOX-induced

oxidative stress. [70]
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Conclusions
Our study revealed that aqueous extract of
rosemary reduce cardiac toxicity induced

by DOX.

in mice.
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