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ABSTRACT
Doxorubicin (DOX) is a powerful anticancer agent with sever cardiotoxic side
effect which limits the clinical use. Metformin (MET) is antihyperglycemic drug
with potential cardioprotective effect via AMP-activated protein kinase (AMPK)
(increases fatty acid oxidation, decreases the production of ROS, maintaining
energy homeostasis and apoptosis). Metabolomics technology deals with
systematic study of chemical fingerprints of metabolite profiles. Different
metabolic processes can be identified which will give information of any change
in the metabolic profile of tissues as well as of biofluids after drug administration.
This research designed to investigate MET cardioprotective effect against acute
cardiotoxicity induced by DOX using metabolomics technology. Methods: Twenty
four adult male wistar rats divided into four groups (6 animals each): control
group (saline, i.p.); MET group (300mg/kg/day for 7dayes) by gavage; DOX group
(20 mg/kg,i.p.) for acute induction of cardiotoxicity; Met + DOX group received
DOX (20mg/kg i.p.) and Met (300 mg/kg/day, for 7 days, starting five days prior to
DOX treatment) orally with gavage. Assessment of heart tissue metabolomics,
serum MDA and GSH in addition to trichrome stain. Results: The results showed
that pretreatment with MET (MET+DOX) significantly (p<0.05) reduced the level of
acetic acid, cholesterol, palmitic acid, phosphoric acid, pyruvic acid, stearic acid,
glucose, myo-inositol, alanine, lysine, and proline. Also, the level of arachidonic
acid, hydroxybutyric acid, lactic acid, linoleic acid, oleic acid, oxalic acid, propionic
acid, and galactose reduced after pretreatment with MET (MET+DOX).
Additionally, (MET +DOX) resulted in significant decrease (p<0.05) in the level of
serum MDA as well as significant (p<0.05) increase in serum GSH levels. In
addition to significantly decreased collagen fiber production. Conclusion: It can be
concluded that MET improved cardiac structure and function, as well as the
metabolism of DOX-induced cardiotoxicity group, as it reduced the level of
biomarkers associated with cardiotoxicity including (arachidonic, linoleic, oleic,
acetic, stearic) acids, cholesterol ,leucine, glucose, mannose, myoinositol as well
as hydroxybutyric acid. This indicates that MET induced a metabolic alterations,
including the promotion of glycogenolysis, glycolysis, amino acid utilization and
antioxidation. Additionally, MET improving energy metabolism and attenuating
oxidative stress through suppression of serum MDA and increase the level of GSH
as well as decrease fibrosis and structural changes.
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INTRODUCTION
Doxorubicin (DOX), is potent anticancer drug from
anthracycline family, have limited use because of its
cardiotoxicity(1,2). It derived from Streptomyces bacteria, a
highly effective antitumor drug used for treatment
different cancers like solid tumors, soft tissue sarcoma
and hematological malignancies, but its organs toxicities
(cardio-, nephro-, and hepatotoxicity) limits its use(3).
Cardiotoxicity induced by DOX is recognized by acute
cardiac dysfunction, chronic cardiomyopathy and finally
lead to congestive heart failure (HF). There is different
kinds of molecular mechanisms like oxidative stress,
inhibition of topoisomerase type II beta, alteration in
energetics of mitochondria, the synthesis of protein and
nucleic acid inhibited, apoptosis induction, interaction
directly with the actin–myosin contractile proteins,
hypothesis of anthracycline metabolite, platelet activating
factor, intracellular calcium, prostaglandin alterations
and etc., but the metabolic mechanism that occur and
cause toxicity has not yet been fully identified. Cellular
energetics have a critical role in cardiomyopathy induced
by DOX(4–6).
Metformin (MET) is an oral antihyperglycemic agent,
from biguanide family, widely used for diabetes
mellitus(DM) type 2 patients. It decrease intestinal

carbohydrates absorption, improving glucose peripheral
uptake and utilization and enhanced insulin sensitivity
(7,8). It is approved to be effective in states associated with
insulin resistance, like polycystic ovary syndrome(9), also
it considered as an anticancer drug(10). Furthermore,
there are reports indicate that MET increases life span,
also it improves gut flora (2)(11). MET produce its effects
through AMPK dependent and independent
pathways(12,13). It is reported that this drug have
cardioprotective effects in both hyperglycemic and
normoglycemic subjects. Models of experimental animal
of isolated heart failure and myocardial infarction have
shown that MET increases myocardium tolerance to
ischemic – reperfusion injury, decreases HF development
after infraction by improving left ventricular ejection
fraction, improves the outcomes of patients with
advanced systolic HF and it may decrease DM
complications(14,15).Through AMPK activation, MET able
to reduce reactive oxygen specious (ROS)generation in
animal models associated with HF, and protects
myocardial cells from oxidative stress which is induced
by TNFα and H2O2, accordingly, MET act as antioxidant
agent and it have the ability to decrease lipid
peroxidation. These cardioprotection and antioxidant
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properties suggest that MET able to provide protection
against DOX- cardiotoxicity(16,17).
Metabolomics is systematic study of chemical
fingerprints of small-molecules complement
(quantitatively and qualitatively) with in the biological
system (culture supernatants, cells, tissues, and body
fluids) which is also called metabolom, or metabolite
profiles. These metaboloms are associated with a variety
of metabolic processes present in a cell, organ, or
organism(18,19). Metabolomics is a developing method for
a particular phenotyping of the endogenous and
exogenous metabolite (usually, they are considered as
cellular metabolic intermediates and products of less
than 1 kDa in size) within a biological samples(20–22).
Metabolomics measures the response to perturbations
like those related to the early diagnosis of disease and for
the development and discovery of drugs(23–25). It gives
quantifiable information about body biochemical
conditions in diseased and normal states(26).
Metabolomics aims to evaluate molecules having
different physical properties such as, difference in
polarity(24). Metabolomics has been conducted to analyze
DOX related toxicity biomarkers. Now, it is recognized as
a technique widely used to advance the toxicology, also it
become a significant method in study the mechanism of
drugs that induce toxicity in metabolic level(27).
Metabolomics may identify cardiotoxicity early markers,
and cardioprotective agents can be developed(2). Serum
biomarkers such as cardiac troponin T, do not reflect
specifically the damage that occur in myocardium.
Therefore, new biomarkers are needed for cardiac
damage evaluation(28). Though many urinary biomarkers
have been identified from DOX systemic toxicity(6),
myocardium tissue specific biomarkers need further
study in order to provide a new understanding into the
pathological processes of cardiomyopathy induced by
DOX. Therefore, a gas chromatography–mass
spectrometry(GC-MS) method depending on a
metabolomics technique was developed. Additionally, the
cardioprotective effects of MET and its mechanisms in
reducing DOX-induced cardiotoxicity were also
investigated by using a metabolomics approach.

METHODS
Animals: Twenty four adult male wistar rats (200-
220gm), kept in cages with free access to food and water
in the animal house/College of Pharmacy/Mustansiryiah
University. The cages were placed in a quiet and
temperature controlled room in which a 12:12-hour
light-dark cycle was maintained. The rats were allowed a
ten days acclimatization period before being used in
experiments.

Study design: The rats divided randomly into four
groups(6 rats/group). Control group (single dose of
saline, 1 ml intraperitoneally (i.p.)). Met group; Met (300
mg/kg/day, every day for 7 days) with gavage. The acute
DOX group received (20 mg/ kg single dose) i.p.. The Met
+ DOX group received DOX (20 mg/kg single dose) i.p.
and Met (300 mg/kg/day, for 7 days, starting five days
prior to DOX treatment) orally with gavage.

Induction of cardiotoxicity: Induction of cardiotoxicity
carried out by the administration of DOX i.p. in a dose of
20 mg/kg as a single dose for acute cardiotoxicity
induction(29).

Sample collection and preparation: At the end of the
experiment, the rats were anesthetized by intraperitoneal
administration of 50 mg/kg ketamine and 5 mg/kg
xylazine(30). Blood samples were collected directly from
the Retro-orbital center by using heparinized capillary
tubes(31), centrifuged at 2500x for 15 minutes for serum
separation. The serum stored at -80°C for ELISA analysis.
After getting the blood sample, the heart is immediately
removed and washed with tap water then distilled water
and rapidly stored in liquid nitrogen. Small portion of the
heart tissue kept in 10% buffered neutral formalin to
prepare paraffin embedded blocks for histopathological
diagnosis.

Cardiac metabolomics
Extraction of metabolomics: Extraction of metabolites
from left ventricle of the heart tissue were done by the
method described by Gregor et al. (2012) using a
chloroform-methanol procedure(32). The stored heart
tissues were thawed at room temperature for 5 minutes
then ~100 mg of left ventricle heart tissue crashed and
homogenized in 600 μL chloroform: methanol (1:2)
previously cooled , using ceramic mortar and pestle then
further pulverized in tissue homogenizer. Two hundred
microliters of chloroform and then 200 μL deionized
water (HPLC grade) was added to each sample. Samples
were vortexed for 10 seconds, then centrifuged for 20
minutes at 4000 rpm in 4°C. The upper layer separated
and dried in a fume hood under a stream of nitrogen gas.
All extracted samples were stored at −20 ºC until
required.

Derivatization of myocardium extracts: The stored
dried extracted samples of the upper layer of the heart
tissue warmed at room temperature 25°C for 10 minutes
prior to derivatization. The samples were derivatized
with 25 µl of methoxyamine hydrochloride in pyridine
(Sigma Aldrich) (20 mg/ml)at 37°C for 90 min with
agitation (40rpm) in water bath shaker. The second step
of derivatization was performed by adding 40 µl of N-
methyl-N-trimethylsilyltrifluoroacetamide (MSTFA)
(Sigma Aldrich) and incubation at 37°C for 30 min with
agitation (40 rpm) in water bath shaker. Samples were
subjected to GC/MS analysis directly after derivatization.

A quadruple GC-MS analysis condition(33): 2 μL of each
sample was Injected in split/splitless injector manually
by a 10 μL syringe. The injection programs include,
washing syringe before and after sample injection and
removal of air bubbles by sample pumping and an air
buffer for removal of sample from syringe after injection.
The capillary column properties were phenyl- coated
fused silica 35%, length of column 30 meter, film
thickness were 0.32 mm I.D. and 0.25 μm.

The GC-MS operation procedure: The GC oven heated
from 10°C/min for 60°C to 325°C, 1 min initial time and
10 min final time, running for 37.5 min and cooling down
to 60°C. The ion source heat was adjusted to 220°C.
Energy of electron was 70 eV. Splitless and split
conditions were used for samples injection. Helium was
used as carrier gas flushed out flow of 10.5 ml/min for 1
min, a saver run for 3 min at 20 ml/min rate. Mass
Selective Detector (MSD) was put at 20 Hz signal data
rate and set at 290°C for transfer line of the MSD. MS was
operated on after 5.90 min of delay time of solvent.
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Data analysis: Data analysis was carried out according to
Fiehn and Kind, 2005(34,35). Calculate the metabolomics in
each sample represented by a GC-MS total ion
chromatograms were identified (using the NIST mass
spectral library) and the peak areas for each of the
compound was determined by the relative level to
control group according to the following equation:
Relative level of metabolite (fold change) = (sample
areas-control area)/(control area)*100
Then convert the values to Log10 and the difference
between metabolites determined by comparison the
treated groups with the control groups.

Statistical analysis: Results were expressed as the mean
± the standard error of the mean (SEM). Statistical
significance is indicated by (*) whenever the p value is <
0.05, and highly significant (**) whenever p < 0.01. One
way ANOVA test, followed by a post hoc Tukey's multiple

comparisons test was used to detect the significant
difference between groups. GraphPad Prism 7 software
was used in the statistical analysis.

RESULTS
Metabolomics detection of heart tissue:
The metabolomics detected from heart tissue in this test
were 150 metabolites. Myocardium tissue metabolomics
showed different metabolomics patterns (lipids, amino
acids, carbohydrates, and metabolites) distributed
between control and treated groups, elevated and
reduced according to the activation and inhibition of
certain metabolic pathway as shown in figure (1). The
metabolomics identified in rat myocardium based on
degree of metabolomics density in control, DOX, MET,
and DOX+MET. The metabolomics data represented as
the mean of percentage area is indicated as colored
blocks in table (1).

Figure 1: Number of metabolites in control and
treated groups after treatment with Doxorubicin
(DOX), Metformin(MET) and DOX+MET

Table(1): Cardiac metabolomics of control,
Doxorubicin(DOX), Metformin(MET), MET+DOX
(heart tissue derivatized by methoxyamine HCL in
pyridine and MSTFA), data presented as the mean of
percentage area ± slandered error

Metabolomes Control Doxorubicin Metformin Metformin+Doxorubicin
Acetic acid 0.1433±0.1 0.5767±0.11* 0.12±0.09# 0.1367±0.05#

Adipic acid 0.115 0.01 ─ ─

Arachidic acid 0.025 ─ 0.01 ─

Arachidonic acid 0.2117±0.06 0.01±0.00* 0.205±0.06# 0.2033±0.01#

Hydroxybutyric acid 0.08833±0.01 0.01±0.00 0.235±0.07## 0.08667±0.01

Cholesterol 0.2033±0.04 0.4167±0.08* 0.008333±0.00*## 0.2±0.00#

Caprylic acid 0.01 ─ ─ ─
Cyclohexanecarboxylic
acid ─ 0.28 0.19 ─

2-Furoic acid ─ 0.01 ─ ─

Gondoic acid 0.01 0.06 ─ ─
2-Hydroxyisocaproic
acid ─ ─ 0.01 ─

Hydroxypyruvic acid ─ 0.02 ─ ─

Lactic acid 0.5217±0.22 0.01±0.00 1.658±0.7355 0.5±0.1

Lauric acid ─ 0.01 ─ ─

Lignoceric acid 0.03 ─ ─ ─

Linoleic acid 0.425±0.22 0.01167±0.00 0.3883±0.17 0.41±0.12

Malonic acid ─ 0.71 ─ ─

Margaric acid 0.38 ─ ─ ─

Methoxyacetic acid ─ ─ ─ 0.17

Myristic acid 0.05 ─ ─ ─
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The data presented as percentage area mean ± SE of the
mean, (*: p<0.05 significant, and **:p<0.01 highly
significant) compare to control,
#: P<0.05, significant, and ##:p<0.01 highly significant,
compared to DOX

Effect of metformin on serum malondialdehyde
(MDA): Metformin showed a protective effect against
MDA elevation in acute DOX toxicity. The descriptive
statistics for MDA concentration which is represented as
mean ± SE was significantly elevated in DOX group
(0.2657±0.02 ng/ml) in comparison with the control and
MET group (0.1058± 0.01, 0.071±0.00 ng/ml respectively;
P < 0.001). The MDA concentration was significantly

decreased in MET + DOX group in comparison with the
DOX group (0.093±0.00 ng/ml; P < 0.001), figure (2).

Effect of metformin on serum glutathione (GSH):
Metformin showed a protective effect against DOX
induced cardiotoxicity by effecting serum level of GSH.
The descriptive statistics for GSH concentration which is
represented as mean ± SE was significantly reduced in
DOX group (0.096±0.01ng/ml ) in comparison with the
control and MET group (0.12±0.01, 0.156±0.01ng/ml
respectively; P < 0.001). The GSH concentration was
significantly elevated in MET + DOX group in comparison
with the DOX group (0.126±0.01ng/ml; P < 0.001), figure
(3).

Oleic acid 1.805±0.80 0.09333±0.03* 1.742±0.90 1.68±0.63

Oxalic acid 0.26±0.06 0.095±0.01* 0.185±0.03 0.19±0.00

2-Oxovaleric acid ─ 0.01 ─ ─

Palmitic acid 0.05333±0.03 0.22±0.07* 0.02±0.01## 0.03333±0.01#

Pentadecylic acid 0.01 ─ ─ ─

Phenylacetic acid ─ ─ ─ 0.12
Phosphoric acid 0.285±0.11 1.263±0.36* 0.01333±0.00## 0.3067±0.19#

Propanoic acid 1.127±0.39 0.3683±0.12 0.26±0.22 1.01±0.28
Pyruvic acid 0.06833±0.01 0.1817±0.01** 0.005±0.00**## 0.06667±0.01##

Ricinoleic acid ─ 0.07 ─ ─

Succinic acid ─ ─ 0.12 ─

Succioic acid 0.01 ─ ─ ─

Stearic acid 0.09667±0.00 0.2883±0.03** 0.09±0.01## 0.1±0.00##

n-Tridecanoic acid 0.01 ─ ─ ─

Terephthalic acid 0.26 ─ ─ ─

Undecylenic acid 0.05 ─ ─ ─

1-Deoxy-d-manitol 0.03667±0.01 0.06167±0.03 0.01±0.00 0.02±0.00
2-Deoxy-
galactopyranose ─ 0.03 ─ ─

d-Galactose 1.613±1.46 0.07±0.01 0.07667±0.06 0.1033±0.01

d-Glucose 0.1815±0.09 1.075±0.39* 0.01±0.00## 0.1867±0.02#

D-Glucosone ─ ─ 0.03 ─

Erythrose ─ ─ 0.08 ─

d-Mannose 0.27±0.05 0.2217±0.03 0.02333±0.01**# 0.1933±0.05

d-Mannitol ─ 0.08 ─ ─

Glycerol 0.04±0.01 0.03333±0.02 0.7±0.27*# 0.07±0.00
Myo-Inositol 0.05±0.02 0.145±0.04* 0.015±0.00## 0.05333±0.01#

L-Rhamnose 0.01 0.03 ─ ─

2-Keto-d-gluconic acid ─ 0.01 ─ ─

Alanine 19.02±0.15 59.5±2.06** 56.87±6.26** 25.67±1.02##

Glycine ─ ─ ─ 0.01

L-Homoserine ─ 9.165 ─ ─

l-Leucine 0.08667±0.01 0.01333±0.00** 0.01167±0.00** 0.01333±0.00**

L-Lysine 3.833±0.63 29.78±3.2** 25.82±3.35** 17.67±1.27**#

d-Proline 0.7333±0.20 4.067±0.13** 0.01±0.00## 0.78±0.48##
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Figure 2: Effect of Metformin(MET) (300mg/kg) on
serum malondialdehyde in acute Doxorubicin(DOX)
cardiotoxicity (20mg/kg). Each value expressed as

mean ± SE. The statistical analysis done by using one way
ANOVA followed by Tukey test.

Figure 3: Effect of Metformin(MET) (300mg/kg) on
serum glutathione (GSH) in acute Doxorubicin(DOX)
cardiotoxicity (20mg/kg). Each value expressed as
mean ± SE. The statistical analysis done by using one way
ANOVA followed by Tukey test.

Effect of metformin on histological change by
Trichrome stain:
MET decreased the collagenous fibers production in DOX
cardiotoxicity. The cardiac tissue in DOX group showed
mild increased in collagen fibers, while METC + DOX
group was normal without any increase in collagen fibers
as shown in figure (4).

Figure 4: Cardiac myocytes (A)control/saline; (B), DOX
(20mg/kg) treated; (C), MET (300mg//kg) treated and

(D), DOX+MET treated rats stained by Masson Trichrome
stain, X400.

A B

C D
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DISCUSSION
Metabolomics is now consider as an effective research
field in studying cardiac metabolism which have been
correlated to many diseases of the myocardium.
Additionally much interest appeared in the use of
metabolomics to identify biomarkers in CVDs. Meanwhile,
the development in technology of NMR and GC-MS helped
remarkably in displaying the pattern of pathophysiology
of many CVDs(36). In this study, metabolomics analysis
based on GC-MS was used to display the metabolomics
profile of myocardium with the acute toxicity induced by
DOX, and in the presence of MET as a cardioprotective
agent. The present study identified potential biomarkers
related to the myocardial energy metabolism disturbance
mainly involving glycolysis, metabolism of lipids, and
metabolism of some amino acids. Also, it was confirmed
that MET could produce cardioprotection intervening in
some metabolic pathways, such as glycolysis, metabolism
of lipids, and metabolism of some amino acids, which
might be plotted by restoring some biomarkers
alterations found in this research. Metabolic profiling
based on GC-MS considered as flexible approach to
recognize pharmaceutical compounds with possible
physiological toxicity. Moreover, metabolomics may
identify metabolites as biomarkers of toxicity in
predictive preclinical toxicity screening. From these
metabolites, lactate and glucose are associated with
glycolysis, give indication about modulation of the
glycolytic pathway referring to a defect in TCA cycle. In
this study lactate level reduced in DOX treated
group(table (1)). It is possible that this reduction
accompanied with the enzymes regulation in the heart.
Lactate dehydrogenase B (LDHB), (subtype of lactate
dehydrogenase) mainly present in myocardium, was
found recently to be raised in the cardiomyocytes treated
with DOX, which could result in reduction of lactate by
the conversion of lactate to pyruvate (37). The level of
both lactic acid and pyruvic acid returned to normal
when MET co-administered with DOX (table 1), this could
illustrate that MET co-administration might made the
heart took enough energy during stressed conditions by
balancing the level of TCA cycle intermediates and
increased the ability of the mitochondria to produce
energy. Glucose shown to be increased significantly
(p<0.05) (table 1) in DOX group, this elevation might be
result from the decreased glucose and other sugars
utilization (ex. galactose) in conditions associated with
myocardial stress (37,38). The level of glucose improved
after the use of MET with DOX (table 1), which mean that
the glycolysis process might be balance with the fatty
acids oxidation in order to produce enough energy to
meet the requirement of the heart to work normally
during stress conditions. Mannose is sugar considered as
a marker of oxidative stress (39,40), after MET treatment
the level of mannose reduced since MET activates
mannose-selective transport system, this suggests that
AMP-activated protein kinase may be a regulator of
mannose metabolism which made MET decrease the
oxidative stress induced in myocardium after DOX
treatment(41).
Lipid metabolism has an important role in
cardiomyopathy induced by DOX(42), due to the
importance of lipids in the metabolic activity of the heart
which act as a source of energy. The level of saturated
fatty acid (stearic acid) found to be increased
significantly (p<0.05) in DOX treated rats(table1), this
increase may indicate that there was inhibition in the ß-

oxidation of the saturated fatty acids. Mainly because of
inhibition of TAC cycle (citrate cycle) and oxidative
phosphorylation due to DOX accumulation in the heart, as
a result the acyl-CoA and NADH also accumulated(37).
However, the level of linoleic acid, arachidonic acid, and
oleic acid were found to be decreased significantly
(p<0.05) (table 1) in DOX group, possibly because of the
peroxidation of the unsaturated fatty acids in the
presence of DOX, leading to excessive oxidation damage
on the mitochondria of the myocardium(43,44). As noted in
table (1) the co-administration of MET with DOX largely
improve the metabolism of fatty acids, which might be
due to improvement in lipid metabolism and there was
reduction in lipid peroxidation leading to improvement in
energy metabolism. The normally beating heart required
high energy supply which is largely depend on the supply
of pyruvate and fatty-acyl coenzyme A(45). In the present
study the level of pyruvate and acetate increased
significantly (p<0.05) in DOX group. Acetate is the main
source of acetyl-CoA and it regulate energy in the
mammalian cells(46). In the mitochondria, acetyl-CoA
derived from pyruvate and acetate, enters into the TCA
cycle in order to meet energy requirements(47). DOX
reduce the uptake of pyruvate and acetate by the cells,
which reduces pyruvate and acetate metabolism by the
mitochondria to produce energy. In this context,
Andreadou et al. (2009) approved that DOX significantly
increased acetate levels in myocardium tissue, the
authors suggested that these metabolites considered as
biomarkers for DOX cardiotoxicity(5). The level of
cholesterol was shown to be elevated significantly
(p<0.05) (table1) in DOX group. Lipolysis rate could be
reduced or blocked by DOX as approved by the previous
studies, suggesting that cholesterol accumulation was a
characteristic of cardiotoxicity induced by DOX(37,48). The
level of cholesterol decreased significantly (p<0.05)
(table1) MET treated group, because MET could reduce
accumulation of cholesterol in myocardial tissue which
improve energy metabolism, as a result it can be safely
used for treatment of cardiac dysfunction induced by
DOX(49,50).
In present study leucine level found to be reduced
significantly (p<0.05) (table 1) in DOX group. It is one of
branched-chain amino acids (BCAAs), may be considered
as an important alternative substrate of energy for the
heart in myocardial ischemia. It appears that the
reduction in the production of ATP, due to the ß-
oxidation inhibition of fatty acids and inhibition of citrate
cycle induced by DOX treatment, could lead to the use of
BCAAs as energy compensation(27,28,51). BCAAs proposed
to be cardioprotective; they are considered as a source of
acetyl-CoA, attributed to the production of NADH and
FADH, and are involved in glutamine and glutamate
conversion to free radical scavenger (GSH)(52,53), and this
might be a reason why BCAA decreased after DOX
administration. GC-MS spectra also exhibited the changes
in the metabolism of other amino acids, where the level of
L-Lysine, L-alanine, and L-proline were observed to be
increased significantly (p<0.05) (table 1) in DOX treated
group, this could be due to the oxidative stress induced
by DOX lead to the metabolic alteration of α-amino acids
in order to meet myocardial energy requirement(28,37). In
MET+DOX treated group, amino acids levels located
between normal (proline) to high level (lysine, alanine)
as showed in table(1), this could occur to regulate energy
requirement of the heart under stressed conditions,
which might make the heart work somewhat normally
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through increased gluconeogenesis by MET in
myocardium and reverse the metabolic alteration that
occur in heart during DOX treatment. In addition, the
level of phosphate found to be elevated significantly
(p<0.05) (table 1) in DOX treated group, since DOX were
usually associated with the depletion of ATP and
phosphate accumulation(3,54). In general, the
mitochondrial dysfunction and ATP depletion might be
responsible for the DOX cardiotoxicity (55). In the present
study the level of hydroxybutyric acid was decreased
table(1) in DOX group. Hydroxybutyric acid is a ketone
body that have the ability to produce protection to the
heart in situations associated with oxidative stress like in
case of heart failure and cardiotoxicity. ketone body
oxidation increased in cases associated with myocardial
stress, and increased ketone body utilization decreased
oxidative stress and protected against cardiotoxicity
induced by DOX(56), this indicate that 3-hydroxybutyrate
protect the myocardium from DOX-induced oxidative
stress(28). Hydroxybutyric acid level was increased (table
1) with the use of MET treatment and return to normal in
MET+DOX treated group. MET increase the production of
hydroxybutyric acid mainly in tissues and might made its
level return to normal during detoxification or oxidative
stress as well as provide energy homeostasis (40,57). The
level of myoinositol found to be increased after DOX
treatment whereas reduced +(table 1) in MET treated
group and return to normal in MET+DOX group. This
could occur since myoinositol metabolism were closely
related to the citric acid cycle, and it is involved in the
activation of protein kinase C (PKC), which plays an
important role in glucose metabolism by which the
myocardial dysfunction after DOX cardiotoxicity
improved(40,58).
In present study the level of MDA and GSH were found to
be significantly changed (p<0.05) in DOX treated group
when compared with the control and MET treated group
and then the level of these biomarkers return to control
level in MET+DOX group. This could occur as a result of
the oxidative stress induced by DOX which may lead to
the production of free radicals which result in
overwhelming the limited capacity of heart to detoxify
free radicals like O2.-, NO., resulting in extensive oxidative
damage to myocardial cells and reducing the level of
cardioprotective detoxifying agent GSH, followed by
enhancement of lipid peroxidation resulting in increased
MDA level(59,60). MET treatment not only improved DOX-
induced cardiac dysfunction, but also decreased oxidative
stress by preventing the protein oxidation and lipid
peroxidation, as well as rising antioxidant restoration by
increasing serum GSH. Collectively these remarks
powerfully advocate MET as a potent antioxidant agent
and could exert cardioprotective effects by alleviating
DOX-induced oxidative stress(61,62).
In this study, the DOX+MET treated group showed mild
edema, and cytoplasmic vacuoles, and the myofibrillar
structure with striation well preserved in compare with
DOX group. These finding agreed with Ashour et.al.
(2012), that reported oral therapy of MET (50 mg/kg and
500 mg/kg) removed histopathological changes
produced by DOX (18 mg/kg) cumulative dose, so
exerting a cardioprotective effects(7). Janeesh et.al (2014),
showed that DOX have changes on normal morphology of
cardiomyocyte including necrosis, myofibrillar loss,
vacuolization, and mononuclear cells infiltration due to
the action of oxidative stress that considered as an
indication for cardiac injury and dysfunction(63). Bahadir

et. al. (2014), showed that DOX 15mg/kg (cumulative
dose) causing myocyte edema, myocyte vacuolization and
loss of myofibrils(64). Sheta et.al.2016, showed that MET
treatment reduce DOX induced alterations in
myocardium, reported by normal appearance of muscle
fibers, less widening of the interstitial space, no myocyte
degeneration, moderate interstitial cellular infiltration,
and normal location of nuclei(65).

CONCLUSION
From this study, it could be concluded that DOX
administration caused cardiotoxicity that it produce
significant cardiac metabolic perturbations observed in
rats myocardium, which involved the unsaturated fatty
acids that undergo peroxidation particularly arachidonic
acid, linoleic acid, and oleic acid as a result of increased
oxidative stress produced by DOX. Also, DOX reduce the
uptake of acetic acid (saturated fatty acid) by the cells, as
a result, the ability of the mitochondria reduced to
metabolize acetate to produce energy. DOX cardiotoxicity
characterized by accumulation of cholesterol in
myocardium. Glucose consumption reduced in heart
tissue due to DOX oxidative stress, whereas BCAAs
(leucine) consumption increased in this situation as the
heart depended on these amino acids as a source of
energy. So these metabolites collectively expected to be
biomarkers of cardiotoxicity induced by DOX. MET co-
administration markedly reduce cardiotoxicity induced
by DOX and it is conceder as a useful agent in cardiac
damage induced by DOX, as it improve metabolic
perturbations and cardiac functions of rat
cardiomyopathy induced by DOX. The possible
mechanism by which MET produces these effects may be
attributed to energy metabolism improvement by
increase entry of glucose into the cell, improve fatty acid
oxidation (acetic acid, stearic acid), increase protein
utilization (like leucine) and oxidative stress attenuation
(increased hydroxybutyric acid level). So these
metabolites collectively expected to be new
cardioprotective biomarkers induced by MET against
cardiotoxicity induced by DOX. MET co-administration
largely reduce myocardial damage produced as a result of
DOX-induced oxidative stress by reducing the level of
MDA (common marker of oxidative stress) and increase
the level of GSH (endogenous antioxidant) since MET
have the ability to reduce ROS by attenuation of lipid
peroxidation and protein oxidation. MET co-
administration markedly reduced the collagenous fibers
and other histopathological changes in myocardial tissue.
So, the current study showed that MET have a good
cardioprotective effect against DOX cardiotoxicity
through various mechanisms, that discovered new
cardioprotective biomarkers produced by MET in the
presence of a drug that causes acute myocardial toxicity
like DOX by metabolomics technology.
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